METALLURGIA 


METALLURGIA 


The British Journal of Metals 
(INconProsaTING Tas METALLURGICAL ENGINEER. ) 


* The source of all matter extracted from this Journal * 
must be duly acknowledged; it is copyright. 
Contributions suitable for the editorial pages are invited. Photographs 


and drawings suitable for reproduction are welcome. Contributions 
are paid for at the usual rates. 


PRINCIPAL CONTENTS IN THIS ISSUE: 
Page | Page 


The Selection and Management of Gas | Are Welded Tram Car... .. .. «. 154 
and Oil Fired Heat-Treatment | The X-Ray Inspection of Magnesium 
| 


Furnaces. By G. H. Barker .. 145-146 Castings. By N.C. aren B.A., 
Heat-treatment is one of the last links in B.Se., D.M. R. a ge nee 151-3 


the chain of manufacture, and the author 

stresses that those responsible should give The importanc e of the term * “quality,” { 

full recognition to the importance and tts relation to products, is gradually Md 
increased significance as a result of 


requirements of the process, and plan for 
maximum efficiency rather than the facilities now available for careful testing 


and users of iron castings can help to 
increase its value. 


smallest individual outlay. and inspection. In this respect, direct 
inspection of parts by means of radio- 
Brittleness in Ductile Engineering graphy is proving valuable, and in this 
Materials. By W. E. Lewis, B.Sc. 147-148 article its application to the inspection 
Structural failures have occurred in of magnesium castings is discussed. 
recent years where materials, initially Canada and the World — Con- 
proved to be adequately tenacious and ference 162 
ductile, have fractured with every ap- lens 
pearance of brittleness and low strength _ The Testing of Cael. ‘By Fr. W. 
under conditions which could not be Rowe, B.Sc... . 
|] regarded as conducive to fatigue. Such | The advocacy of the continued use of the 
| Jailures are disconcerting, and some loose test-bar is deprecated, and other 
| examples are discussed. methods are suggested by which the 
ressive, careful and enlightened 
| That Famous Liner—The Mauretania 149 ld 
All Welded Penstocks for the Norris thoughtful contribution to a controversial 
| Dam. By A. F. Davis .. . 150 oubject. 
An indication of the progress of welding The British Cast Iron Research As- 
is shown in the Tennessee Valley project, sociation a 165-166 
particularly in the construction of the | In the cast-iron field much valuable work 
Norris Dam, parts for which are discussed has been done by this energetic Associa- 
in this article. tion, and this article describes how makers 
| 


The Properties, Characteristics and 
Uses of Stainless Steel. By 
S. A. Main, B.Se., F. Lust, P... 155-158 Some Recent Inventions .. 167 
Stainless steels and irons are of great Refining metals. Casting plant. Crucible 
industrial value, and represent one of the furnaces. Case-hardening steels. 
most important metallurgical develop- The Vapocarb Hump Furnace .. .. 168 


Symposium on Welding Iron and Steel 168 
the nickel-chromium steels. International Congress of Mines, 

The Prevention of Weld Decay. By Metallurgy and Applied Geology 168 
E. C. Rollason, MSe. —.. .. 159-161 Recent Developments in Tools and 


Increasing importance is attached to the Equipment .. . 
application of welding in structural work. | Temperature measuring instruments. A 

In this article the problem of weld decay is Unit Automatic Gas machine. 

discussed in relation to the austenitic . r 

delle end fee te | Business Notes and News.. .. .. 171 
prevention are described. Metal Prices 172 


Subscription Rates throughout the World - - 24/- per annum, Post free. 


Published Monthly by the Proprietors, THE KENNEDY PRESS LIMITED, at 21, Albion Street, 
Gaythorn, Manchester. 


Telegrams: Kenpred,”’ Manchester. Telephone Central 0098, 


APRIL, 1935. 17 
| 
. 
ae 
wee 
| 
| 
tes 
| 
| 
it 
| 
i 


18 METALLURGIA ApriL, 1935. 


FOR HIGHEST QUALITY 


and complete 
uniformity 


EXTRUDED BRASS and BRONZE Rods, 


Sections, Tubes, &c. 


MANGANESE BRONZE 
SILVER BRONZE 


Specialities TMMADIUM BRONZE 
(Special High Tensile Alloy) 


CROTORITE ALUMINIUM BRONZE, 
For Marine, Electrical, Architectural, and all 
Industrial Requirements, etc., etc. 


Our Technical Department 
and Engineers are always at 
your service to advise on 
methods of adaptation. 


Send for Non-Ferrous Catalogue 
The 
MANGANESE BRONZE 
& BRASS CO., LIMITED, 


Caxton House, Westminster, 
LONDON, S.W. I 


Telephone : Whitehall, 3666. 


VITREOSIL TUBES have no equal for 
many purposes in the works or the labora- 
tory. Inthe former they are extensively 
used for furnaces for the heat treatment 
of wires and rods by continuous or batch 
processes and, closed at one end, as 
pyrometer protection sheaths. 


In the laboratory VITREOSIL TUBES are 
universally used for combustions and for 
numerous other purposes. VITREOSIL 
acid and heat proof laboratory ware is also 


indispensable in metallurgical laboratories 


The THERMAL SYNDICATE Ltd. 


Vitreosil Works, WALLSEND-ON-TYNE. 


London Depot’ - - Thermal House, Old Pye Street, S.W.1. 


3 
“4 
a 
r 


145 


METALLURGIA 


THE BRITISH JOURNAL OF METALS. 


INCORPORATING “THE METALLURGICAL ENGINEER". 


April, 1935. 


Vou. No. 66. 


The Selection and Management of Gas- 


and 


Oil-Fired Heat-Treatment Furnaces 


By G. H. BARKER 


Heat-treatment is one of the last links in the chain of manufacturing, and, if imperfect, can 
result in a considerable production loss, apart from the possibility of latent defects becoming 
apparent only when the product has reached the hands of the user. In this article the auihor 
stresses that those responsible should give full recognition to the importance and requirements of 
the process, and plan for maximum efficiency rather than the smallest initial investment. 


RACTICALLY every factor upon which successful 

heat-treatment depends has some effect upon the 

economy of the operation. Consequently, the 
practical solution of the associated problems is usually 
the most effective compromise, but not always do quality 
and cost conflict. It is possible frequently to secure both 
an improvement in quality and a reduction in cost by a 
wise choice of equipment, and the skill with which its lay- 
out is planned and its subsequent operation managed. 

If heat-treatment is to be 
regarded as of the nature of a 
necessary evil—as it unfortun- 
ately still is in some quarters— 
its management will suffer, and 
its cost be higher than it need 
be. It should always be realised 
that heat-treatment is one of the 
last links in the chain of manu- 
facturing, and, if imperfect, can 
result in a considerable produc- 
tion loss, apart from the poss- 

- ibility of latent defects becoming 
apparent only when the product 
has reached the hands of the 
user. Those responsible should 
therefore give full recognition 
to the importance and require- 
ments of the process, and plan 
for maximum efficiency rather 
than the smallest initial 
investment. 

The type of furnace will be 
decided by the nature of the 
treatment to be conducted. In 
the two main classes, batch and 
continuous, a wide variety of types is available to meet 
all industrial needs, and each possesses its special merits 
in relation to the size and quantity of pieces to be treated 
and the nature of the treatment to be carried out. Similarly, 
the choice of fuel is principally a question of cost and 
preference, although an automatic choice is afforded in some 
instances by the availability of surplus gas from other 
operations. The cost of a given fuel in a particular case 
will be one of the deciding factors, but the running cost is 
affected by the efficiency of the furnace design, its heat 
insulation, and also by the method of regulation adopted. 

The question of fuel storage in the case of oil-fired 
furnaces arises, and the disposal of the products of com- 
bustion in the case of both oil-and gas-fired willaffect their 
location, but they should be so situated with respect to the 
arrival and disposal of the parts that the minimum time 
cost is incurred in transportation and handling. 


An elementary consideration, in the case of a furnace for 
continuous duty, is that of ensuring that it is of adequate 
capacity for the given amount of production, or, rather, 
of the correct capacity. Clearly, too small a furnace means 
too small a heat mass, and a consequently low heating 
speed and poor throughput. The use of too large a furnace 
results in fuel waste, incurs an unnecessarily high capital 
investment, and often introduces troubles through lack of 
uniformity in temperature across the load. 


A Gibbons town’s gas-fired, walking beam normalizing furnace, fitted with Electroflo automatic 
control and recording equipment. 


Whether natural or forced draught should be employed is 
again dependent upon the nature of the treatment. For 
example, in ** soaking ” treatments well-diffused heat with 
natural draught is required, but where rapid heating is 
combined with high temperature, forced draught will be 
employed. As a further example, reference may be made 
to tempering. Owing to the comparatively low tempera- 
tures at which the work is done, it is difficult to ensure 
that a load of any size becomes heated to the required 
temperature uniformly. Consequently, it is now common 
practice to employ forced air circulation furnaces in order 
that the transfer of heat is not only rapid but thorough. 

The speed of heating, or rather the avoidance of un- 
necessary time expenditure is of fundamental importance, 
and this factor influences all of the considerations. In 
carburising—in which process little or no penetration of 
carbon takes place, as a general rule, until the working 
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temperature is closely approached—the time taken in 
heating up is ineffective in result but has an important 
influence on operating cost. A carburising furnace for the 
treatment of small parts should therefore be capable of 
rising to the working temperature in the smallest possible 
time, and able subsequently to maintain its working 
temperature with the minimum of fuel input during the 
several hours of the carburising period. 

An opposite example occurs in the water-toughening of 
manganese steel, where the rate of heating is limited by 
the properties of the material. With large castings of this 
type, great care must be exercised in raising the temperature 
to a certain critical point, but once this is passed, the speed 
of heat-treatment may be increased. In other words, a 
specific time-temperature cycle must be followed. Conse- 
quently, the furnace must be one in which that cycle 
can be adhered to with the maximum of economy in fuel, 

In dealing with fuel cost, discussion will centre on the 
means of combustion, and burner design and other factors 
will acquire considerable importance. Recently, more 
attention has been paid to the employment of recuperative 


Part of a modern heat-treatment shop. 


works of Messrs. Vauxhall Motors, Ltd, 


devices of one kind or another, in order to utilise in pre- 
heating the B.th.u.’s which would otherwise be carried 
away in the products of combustion. Greater interest is 
also being shown in furnaces with integral gas producers—a 
common example being in the close annealing of sheets, 
Such a furnace has the advantage that its construction is 
relatively cheap, whilst the sensible heat of the gas passes 
into the furnace as usefu! heat for processing. 

In all cases, the question of heat loss is of great 
importance, With all furnaces, a heat loss of considerable 
magnitude occurs continuously, and has a large influence 
on the cost of running. Its minimisation has the constant 
attention of furnace designers, but they are restricted to 


some extent by cost and its effect on the purchase price of 


the furnace. It should be borne in mind, however, that a 
furnace which is cheap in first cost can be expensive in the 
long run by reason of its high heat loss through inefficient 
insulation. 

The generous use of insulating bricks will increase the 
furnace first cost, but show a considerable and continuous 
economy in day-to-day operation. These considerations 
will, of course, be reflected in the performance figures 
submitted by the furnace manufacturer, which must be 
carefully scrutinised in suitable relation to buying price, 
anticipated duty and life. 

Once the correct type of furnace has been suitably 
installed and the proper time-temperature cycle determined, 
the subsequent management will determine whether best 


Photograph shows five Lucas town’s 
gas-fired carburizing furnaces, fitted with Electroflo automatic control, at the Luton 
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operating conditions are maintained. If carried out in 
slipshod fashion, without reference to the routing of the 
parts before and after treatment, efficient furnace loading, 
and the need of careful temperature and atmosphere 
maintenance, the efficiency can easily fall well below the 
normally attainable standard. As far as wasters are con- 
cerned, it is clear that the loss of only one or two can cost 
in some cases as much as the complete heat-treatment of a 
given batch. The number of wasters may be said to be a 
reflection of the degree of skill with which the heat-treatment 
process is managed, given correct equipment, operating 
data and material. Any heat process should be planned 
from A to Z by responsible persons, able to keep clearly in 
mind all of the considerations involved. 

Of great importance to management is the type of 
regulation adopted. Dependence upon manual regulation 
is rapidly becoming uncommon, due to the remarkable 
developments which have been made in the design and 
application of automatic temperature and atmosphere con- 
trollers, and it is indeed false economy to reduce the initial 
investment by dispensing with them. Automatic control 
is sO sensitive to small changes in 
temperature and so rapid in its 
reaction to them, that it provides the 
most efficient means of ensuring 
proper heat-treatment at minimum 
fuel cost. 

An important point, too, is that 
the establishment of the most satis- 
factory fuel-air ratio for a given duty 
with a gas- or oil-fired furnace can 
only be secured by trial, accompanied 
by successive modifications of valve 
and damper settings and relation- 
ships. With manual control satis- 
factory combustion, in combination 
with the desired temperature and 
atmosphere maintenance, may be 
secured during the initial running 
period of the furnace, but is usually 
lost subsequently through inability 
to maintain the correct relationship 
of gas or oil and air valves and 
dampers under the varying operating 
conditions. Loss of interest—inevit- 
able through the development of 
fatigue—is an important contribu- 
tory factor. On the other hand, 
with automatic control, once the 
desired settings have been determined, these are main- 
tained continuously, whilst a series of given settings for 
various classes of work in general purpose furnaces can be 
readily established and resorted to as required. 

Automatic control is therefore indispensable to the satis- 
factory management of gas- and oil-fired furnaces, not only 
from the viewpoint of running costs but in the interests 
of the product being treated. It offers the incidental 
advantage also that it frees skilled labour for the per- 
formance of other duties, in which there can be no sub- 
stitute for human intelligence and initiative. 


Some Phenomena about Heat-treating Bronze.-—H. Imai, 
* Kinzoku ” (The J. of Metals), 4, 215-8, 261-3 (1934). In 
this paper the expansion of cast bronze on annealing, effects 
of cooling velocity in heat-treatment, and crack of beta 
bronze in quenching are stated. The mechanical properties 
of bronze are improved by annealing at about 600° C. in 
short time. Generally, in high tin bronze cracking takes 
place at 300°-400° C. on quenching. This crack test is 
performed about Sn 26-27°, bronze of beta structure. 


If a local annealing operation is required between two 
deep drawing operations, precaution must be taken to 
prevent the whole stamping from being heated ; otherwise, 
stretcher strains may occur in the second operation, accord- 
ing to a steel sheet fabricator. 
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Brittleness Ductile Engineering 
Structural Materials 


By W. E. LEWIS, B.Sc. 


Structural failures have occurred in recent years where materials, initially proved to be adequately 
tenacious and ductile, have fractured with every appearance of brittleness and low strength under 
conditions which could not be regarded as conducive to fatigue. Such failures are disconcerting, and some 
examples, showing brittleness in ductile metals, was discussed by the author in a recent paper before the 
Institution of Engineers and Shipbuilders in Scotland, from which the following will be of general interest. 


OR many years it has been the practice to consider 
the brittleness of metallic constructional materials 
solely in terms of lack of ductility, as is evident from 

the tenor of the great number of specifications in which the 
desired physical properties are confined to tenacity, ductility 
and pliability. It is a moot point, however, whether this 
simple criterion of brittleness is adequate nowadays. If 
these physical properties of a mild steel casting in the 
unannealed condition are compared with the same pro- 
perties after annealing, the difference will not be remarkable, 
as the following results indicate :— 


Tensile Cold Bend 
Strength, Elongation, Without Fracture, 
Tons per Sq. In. egrees. 
Unannealed ........... 29-2 ee 29 ee 180 
28-8 os 31 180 


But an attempt to straighten out the bent test-pieces, while 
successful with the annealed bar, will result in the early 
fracture of the unannealed piece, indicating that there is 
some difference in their properties not revealed by the 
normal tests. This difference is more clearly shown by 
means of the notched-bar impact test, intimately associated 
with the names of Izod, Charpy, and Fremont. 

The casting referred to gave the following impact figures 
when subjected to the Izod test :— 


Unannealed 2 2 


Bars cut from a nickel-chromium forging (nickel 3°5 and 
chromium 0°*75°,) when oil quenched from 900° C. and 
tempered for 2 hours at 650° C. and cooled (a) in a furnace, 
or (6) in water, gave the physical properties shown in 
Table I. It must thus be admitted that the notched-bar 
impact test reveals variations in the physical condition 
of a metal that are undisclosed by its chemical] analysis, its 
tenacity or its ductility. It remains to consider whether 
the information so obtained is of industrial service. 


TABLE IL 
Yield Tensile ; Reduction Impact 
Point, Strength, Elongation, of Area, Figures, 
Tons /Sq. In. | Tons /Sq. In. %. Ft.-lb. 
Treated as (a) 38 50-2 22 55 5 6 8 
a ss (4) 37 51-6 21 55 39 | 34 | 38 


To revert to steel castings, no engineer would fail to 
include in his specification for such material a demand 
that the castings be carefully and thoroughly annealed. 
Why? In Table II. the physical properties of four mild 
steel castings are set out in both the unannealed and 
annealed states, the castings being representative of the 
four methods of steel manufacture current in the west of 
S-otland, by the acid open-hearth process, by the side- 
blown converter, and by the electric furnace, either acid 
or basic, not necessarily in the order given in the table. 
Ii will again be observed that annealing has had little 
efect upon either the tenacity or the ductility of the 
r ‘terial, so that its inclusion in the specification seems, at 
fi'<t sight, to be superfluous. But in each case annealing 
hos effected a remarkable improvement in the impact 
fi_ure, and had it no other value, the notched-bar impact 
t. t would be of service in ensuring that the provisions of a 
s} ‘cification in respect of annealing had been carried out. 
E :perience has shown, however, that in service unannealed 


castings are more prone to failure under sudden shock 
than annealed castings, a disposition which is in full accord 
with the information gleaned from the notched-bar impact 
test. 
TABLE IL 
PHYSICAL PROPERTIES OF STEEL CASTINGS IN THE UNANNEALED 
(U) AND ANNEALED (A) CONDITIONS, 


Tensile Cold Bend Impact 
Strength, | Elongation, Without 
Steel. Treatment. Tons per Practere, Figures, 
Sq. In. Degrees. <a 
A 28-8 $1 180 36 | SL | 35 
B U 32-0 26 180 4 t 3 
A 31-7 28 180 28 | 31} 27 
C U 27-6 27 180 3 6 
A 27-4 30 180 39 | 45] 46 
D U 32-7 24 180 2 2 2 
A 2-0 28 180 26 | 24] 29 
It will be observed that improvement in the impact 


figure of steel castings is associated with a breaking down 
ot the primary coarsely crystalline structure by thermal 
means. In the operations of forging and rolling the 
similarly coarse ingot structure is broken down by 
mechanical means, and thus forged or rolled material, even 
without heat-treatment, will, in general, possess a higher 
impact figure than an untreated casting. 


TABLE IIL 
EFFECT OF HOT WORK ON THE PHYSICAL PROPERTIES OF MILD 
STEEL. 
UNANNEALED, 
Cross Sectional Area, Tensile ; Impact 
L = Longitudinal Test. Strength, Elongation, | Cold Bend, Figure 
X = Transverse Test. Tons per %. Degrees. Ft.-Ib ® 
Sq. In, 
Fractured 
Ingot 14 x I4im. ....... L 26-9 19 160 3 
x 27-2 17 150 3 
Bloom 12 x 12in,....... L 27-8 27 175 20 
x 27-3 20 180 12 
Without 
Fracture 
Bloom 10 x l0in........ L 28-4 27 lsu 28 
x 27-6 24 180 18 
Bloom 6 x Gin. ......... L 29-6 25 180 18 
Fractured 
x 28-7 24 135 13 
ANNEALED, 
Without 
Fracture 
Bloom 12 x 1l2in........ L 27-4 28 180 26 
xX 27-0 26 180 20 
Bloom 10 in. ....... L 27-7 29 29 
xX 27-2 26 1x0 24 
Bloom 6 x Gim.......... L 28-3 30 180 32 
28-0 29 180 29 


The precise figure will depend upon the degree of hot work 
imposed on the material, and it is of interest to consider 
the variation in the mechanical properties of mild steel 
with different reductions in cross section from the original 
ingot as set out in Table III. It will be observed that hot 
work has imparted directional properties to the material, 
the physical properties determined in a_ longitudinal 
direction being superior to those determined in a cross- 
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wise direction ; that while all properties are improved, 
the impact figure responds most readily to the degree of 
hot work the material receives; and that correct heat- 
treatment subsequent to forging not only effects a general 
improvement in mechanical properties, but, by smoothing 
out existing differences, imparts a degree of uniformity 
to the material irrespective of the degree of hot work that 
it has received ; this is a matter of considerable importance 
in a forging of irregular cross section, such as a crankshaft, 
where certain portions must, of necessity, receive less 
forging than others. 

With rolled material, the temperature at which the 
product leaves the modern mill ensures, in general, an 
adequate impact figure, especially with plates which are 
spread out on the hot bank to cool in air. Bars, however, 
can be built conveniently into piles, and the author has 
met with several instances where such piling has reduced 
the impact figure of a portion of the product almost to zero. 


Embrittled Material. 

Mention was previously made that the mechanical pro- 
perties of a nickel-chromium steel were compared after 
subjection to two different heat-treatments, when it was 
observed that slow cooling from the tempering temperature 
resulted in a considerable reduction in the impact figure 
of the material. This phenomenon is known as “ temper 
brittleness,” and while associated most commonly with 
the nickel-chromium steels, is not entirely confined to 
them. Steel manufacturers are well aware of the possibility 
of this undesirable property in alloy steels, and material 
rarely leaves their works in such a state, but the engineer 
should also ensure that this material is not again embrittled 
by injudicious heat-treatment after it is in his possession. 
Should any heat-treatment be necessary, it should be under 
the control of an experienced metallurgist. 

Mild steel may also be seriously embrittled by quenching 
in water from a temperature of 750°C. Recently, at a nut 
and bolt works, the author observed that several red-hot 
bolts, after the formation of the head, fell out of the 
receiving barrows into pools of water on the floor. Com- 
parison of the impact figures of such bolts with those 
allowed to cool slowly showed that the quenched bolts 
were decidedly embrittled, having impact figures of 10 ft.-Ib. 
and under, as compared with from 45 to 50 ft.-lb. for the 
slowly cooled material. While the conditions causing such 
embrittlement may be deemed accidental rather than 
deliberate, the example serves to illustrate the numerous 
factors that can contribute to mechanical failures, 

The critical temperature at which age embrittlement 
takes place is about 250°C. (482° F.), exposure of the 
strained material to this temperature for about half an 
hour being sufficient to produce the maximum degree of 
embrittlement, but experimental evidence indicates that 
there is a range of from 150° C. (302° F.) to 300° C. (572° F.) 
in which embrittlement of strained material is to be 
expected. Whether longer exposure to lower temperatures 
will produce a similar embrittlement has not yet been 
determined, Engineers have long been familiar with “ blue 
brittleness,"’ due to working mild steel within the range 
of from 250° to 350° C., and, in general, precautions are 
taken to avoid such treatment of the material. That cold- 
worked material may be embrittled on heating to within 
the same range is less known, and the information may 
prove of interest. 

With mild steels and carbon steels in general, a reduction 
in the impact figure is generally effected by stressing the 
material beyond its yield-point either prior to or during 
heating to within the embrittling range. Certain alloy 
steels, however, become seriously embrittled by exposure 
to moderately high temperatures, either in the unstressed 
state or when subjected to stresses well below the yield- 
point. 

In modern power plants much of the constructional 
material must necessarily be exposed to conditions con- 
ducive to embrittlement. However, although present-day 
metallurgical knowledge in respect of this disadvantageous 


Aprit, 1935. 


property of metals is far from being complete, sufficien 
information is available to enable the engineer to limi 
the possibility of failure through the embrittlement o 
structural parts. It will be appreciated that, as sligh 
differences in working conditions may necessitate ; 
difference in the remedy, the fullest co-operation betweer 
the engineer and the metallurgist is desirable. Further 
it is reassuring to learn that notched-bar brittleness is not 
fully developed until the strained or heated materials ar 
cooled to atmospheric temperatures. For instance, mild 
steel aged at 250° C. so as to reduce its impact figure from 
70 to 6ft.-lb. when tested at atmospheric temperatures, 
will have an impact figure of nearly 70 ft.-lb. if tested atra 
temperature of 250° C. Fractures will thus seldom eriginate 
under working conditions, but are more liable to occur 
during periods of dismantling and reassembling, when the 
material is cold, is more liable to maltreatment, and is 
generally regarded as being immune from damage. 


Intercrystalline Disintegration. 

Consideration will now be given to the failure of tenacious, 
ductile and tough material due to an intercrystalline disin- 
tegration, often revealed by spontaneous cracking while in 
service. Examples of this type of embrittlement are 
afforded by the action of certain molten metals upon other 
solid metals when the latter are stressed in tension. A mild 
steel rod locally heated to 900° C. can be bent easily through 
an angle of 180° without sign of fracture at the bend, but 
if, prior to bending, the heated portion is fluxed and coated 
with brazing solder, surface cracks appear immediately 
the material is stressed in tension, while rapid bending 
will result in fracture of the bar. This phenomenon was 
discussed by Genders,! and he demonstrated that the 
penetration of the brazing metal into the steel was inter- 
crystalline. The same embrittlement occurs when molten 
tin or tin-lead solders are applied to copper or brass when 
stressed in tension. Dickenson? instances the failure of a 
manganese bronze rotor which had been soldered under 
tension. It has also been reported that holes punched 
in the flanges of heavy steel angle bars have caused the 
material: to crack when subsequently galvanised .* 

Another striking example of spontaneous cracking is 
afforded by the “ season ’’ cracking of cold-worked brass. 
In one instance known to the author, rods of 70 : 30 brass, 
stored for a lengthy period, split longitudinally with 
every indication of extreme brittleness. Tests from sound 
portions of the bars showed the original physical properties 
to be unimpaired, but the immersion of an apparently 
sound piece in a solution of mereurie chloride for a period 
of 15 mins. resulted in its splitting longitudinally into four 
pieces. Microscopie examination disclosed that the metal 
adjoining the major cracks was permeated with inter- 
crystalline fissures. The precise factors contributing to 
such intererystalline embrittlement are still the subject of 
debate, but the majority of investigators consider that 
failure is due to the intensifying of disruptive stresses by the 
action of a corroding medium to which the metal is exposed. 
This is in accord with the action of molten metals on solid 
metals stressed in tension, and also with the behaviour of 
cold-worked brass immersed in mercuric chloride solution. 
Here the disruptive force is undoubtedly the internal stress 
imposed on the metal by cold working, as it has been 
proved that the relief of such stresses by thermal treatment 
is a practical remedy. 

Brass or manganese bronze propellers afford an interest- 
ing type of electro-chemical disintegration. What is known 
as 70:30 brass is not of uniform chemical composition 
throughout, but is an intimate crystalline mixture of two 
constituents, one rich in zine, and the other rich in copper. 
Immersion in an electrolyte or conducting liquid results in 
electro-chemical action between the constituents, the zine 

(Continued on page 150.) 
1 “ Penetration of Mild Steel by Brazing Solder and other Metals,” by R. Genders 
Journ, Inst. Met., 1927, No. 1, p. 215. 
of Manganese-Bronze,” by J. H. S. Dickenson. Journ. Inst. 


3 “ Embrittlement of Hot Galvanised Structural Steel,” by S, Epstein. Proc. Am. 
Soc. Test. Matls., 1932, No. 2, p. 293. 
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That Famous Liner—‘‘ The 
Mauretania.’’ 


By A SpecrtaL CoRRESPONDENT. 


HE announcement that the Mauretania has been 
| sold to shipbreakers and will be dismantled at 
Rosyth has been received with regret, not only by 
the people of Great Britain, but by countless people over- 
seas who regarded her with affection. It is indeed question- 
able whether any liner has ever been regarded with such 
affection as this vessel, and it has been claimed that future 
generations will know her as the Cutty Sark of the steam era. 
As one who had a not unimportant part in the construction 
of this vessel, the writer cannot refrain from making some 
reference to the twenty-eight years of her romantic career, 
during which she has told the world by her achievements 
a story of the greatness of British brains and craftsmanship, 
and of Tyneside in particular. 

The construction of the Mauretania and her Clyde-built 
sister, the ill-fated Lusitania, it is no exaggeration to say, 
represented by far the most stupendous task that had ever 
been entrusted to shipbuilders and marine engineers. The 
conditions laid down in the agreement entered into in 1903 
between the British Government and the Cunard Company 
required the construction of two steamships capable of 
maintaining during a voyage across the Atlantic a minimum 
average speed of from 24 to 25 knots per hour in moderate 
weather. This stipulation, coupled with the large amount 
of passenger accommodation aimed at, and the stringent 
requirements of the British Admiralty and the owners in 
other directions necessitated the adoption of unprecedented 
dimensions for the two vessels. It should be noted, 
however, that no guarantee of an average speed from port 
to port across the Atlantic was given nor asked for by the 
owners ; it was, and still is, contrary to the practice of the 
Cunard Company to lay down any conditions which would 
involve the slightest risk to their passengers. 

As will readily be imagined, considerable investigatory 
work was necessary during the initial stages. The lines of 
both vessels, for instance, were based on model tests in the 
Admiralty experimental tank at Haslar. Messrs. John 
Brown and Co., the builders of the Lusitania, made further 
tests at Clydebank, and Messrs. Swan, Hunter, and Wigham 
Richardson made further tests with a model 47-ft. long. 
In essentials, the designs of both vessels were identical, but 
in the details of design and the practical operations of con- 
struction, each shipbuilding company took its own course 
and utilised its own experience. The keel of the Mauretania, 
for instance, consists of three thicknessess of plating, which 
were clamped together and drilled, thus avoiding the 
deterioration due to punching thick plates. Further, the 
veight of butts and overlaps were minimised by using plates 
of very large size. The shell plates and the heavier plates 
cn the decks were in most cases 35 ft. long, and weighed 
2' to 3 tons each. In some instances, however, the length 
©! the plates were 48 ft. and weighed 4 to 5 tons—a record 
ze for ship plates of this description at that time. Another 
itable feature of this vessel is that in the top part of the 
ructure special high-tensile steel was employed, all holes 
re drilled and rivets put in by hydraulic riveters. 

It speaks volumes for the skill and foresight exercised 
her design and construction that for twenty-three years, 
itil wrested from her by the German liner Bremen, the 


R= TR 


Mauretania held the Blue Riband of the Atlantic, witha 
crossing in 4 days 10 hours and 41 minutes. The Bremen— 
a larger vessel—lowered the time by three hours. But the 
Mauretania had many other feats to her credit. In one 
single year, for instance, she made no fewer than 27 con- 
secutive trips in all weathers, and covered 77,500 miles 
at an average speed of 25} knots. Even at the age of 22 
years, she averaged 25-48 knots during 38 consecutive 
crossings, including the stormy winter months; while as 
late as 1933, during a pleasure cruise, she did a 112-mile 
trip at 32 knots. : 

It is doubtful whether the 28-year record of this vessel 
will ever be equalled, for in addition to maintaining a 
high speed, both in peace and war she enjoyed almost 
absolute immunity from accident. Her good fortune was 
phenomenal. Not a single life was lost during her con- 
struction ; not a mishap marred her trial runs and maiden 
voyage, and only once has she been in collision. During 
the war she was by turn a troopship, a transport, a hospital 
ship, and an auxiliary cruiser. She carried 3,644 troops 
from Liverpool to Mudros in 1914, and 3,347 reinforcements 
later. As a hospital ship in 1915, she embarked 2,312 
sick and wounded at Mudros on her first trip ; 2,021 on her 
second, and 1,974 on her third. Ten deaths only were the 
most on any one of these trips. As an auxiliary cruiser 
in 1918, she made six consecutive trips from Liverpool 
to New York and brought back 29,226 American troops. 
During these voyages she escaped the terrible influenza 
scourge which raged in so many vessels at that time. On 
one occasion during the war she collided with a collier in 
pitch darkness. Examination showed one of the bunkers 
full of water. Divers found a crack about 8 ft. long below 
water, they hammered some sheet lead into it, and the 
Mauretania continued her journey. 

Built on the site of what was formerly a Roman strong- 
hold at Wallsend-on-Tyne, and called after a former 
flourishing Roman province in North Africa, the Mauretania 
was fitted with the famous Parson turbines, constructed 
by the Wallsend Slipway and Engineering Co., Ltd. During 
1921-22 she was refitted at the yard of her builders, in 
addition to which her boilers were converted for oil fuel. 
So successful was this refit that almost immediately after- 
wards she averaged a speed of 27-05 knots. But the 
greatest proof of the reliability of the work put into her 
was the amazing regularity of her Atlantic crossings in 
fair weather and in foul during the whole of her service. 
And now—all who love a fine ship, the craftsmen who 
designed and built her, the sailors who navigated her, the 
engineers who nursed her famous engines, and even the 
thousands who have sailed in her, may all be excused that 
feeling of sadness in the decision on economic grounds 
to end her remarkable career. 

Is it too much to hope that the Queen Mary, now rapidly 
nearing completion, will emulate the Mauretania, and 
regain for British shipbuilding the Blue Riband of the 
Atlantic? It was thought that finality had been reached 
with the Mauretania, but many nations covet the honour 
and prestige of building the fastest Atlantic liner, and 
during recent years competition for the honour has become 
intense. With the launching of the Queen Mary a new 
chapter was opened in the history of transatlantic passenger 
traffic, and it is confidently expected that she will, in due 
course, take the place held so long with honour by the 
Mauretania, 
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All-Welded Penstocks for the Norris Dam 


By A. F. DAVIS. 


An indication of the progress of welding is shown in the Tennessee Valley 
project, particularly in the construction of the Norris Dam, parts of which 
are discussed in this article, 


WO large penstocks for the Norris Dam of the 

Tennessee Valley Authority project have recently 

been completed by the Chicago Bridge and Iron 
Works, the construction of which are somewhat outstanding 
in character. These steel penstocks are 20 ft. in diameter, 
and vary in thickness from 1} in. to 1} in. The Electronic 
Tornado system of welding was used for the part of the 
work which was automatically welded. This system utilises 
a magnetically-controlled carbon arc, which, combined with 
the proper flux, gives weld metal of the quality required 
by A.S.M.E. Class 1 welding specifications, under which 
the work was done. After sections of pipe had been 
fabricated by automatic welding, they were transported 
to their place in the dam and joined together by manual 
shielded are welding. 

Norris Dam, first of six in the huge TVA development, 
is located about 25 miles north-west of Knoxville, Tennessee. 
It will be 253 ft. high from foundation to roadway, 210 ft. 
thick at the base, and 1,800 ft. long at the crest. The 
waters impounded by Norris Dam will form an artificial 


A semi-cylindrical section of steel plate, two of 
which, welded together, form one of a series of steel 
rings used in Norris Dam penstock construction, 


lake of 3,600,000 acre-feet, covering some 80 square miles, 
with a shore line of more than 800 miles. The cost of the 
dam is estimated at about $34,000,000, Two 60,000 h.p. 
generating units will be installed in the power-house. 
Kach of the two penstocks was built of plates formed in 
semi-cylindrical sections at the Birmingham plant of the 
Chicago Bridge and Iron Works, and shipped to the site 
of the dam. At a field-fabricating plant four plates were 
welded together to form a section 20 ft. in diameter by 
20 ft. long. The heaviest of these sections weighed approxi- 
mately 40 tons. The automatic welding at the field plant 
was carried out as follows: First, two plates forming a 
evlindrical section 20 ft. in diameter, 10ft. long, were tack- 
welded together in a speciel fitting-up form. The seams 
joining these plates were then welded by the automatic 
welder. Two of these 10-ft. sections were then tack-welded 
together and placed on power-driven rolls, which turned 
the pipes for making the automatic circumferential weld. 
All automatic welds were of the double ‘ U” type. As a 
means of stiffening the penstock, a steel ring 1, in. X 8 in. 
was welded around the outside of each 10-ft. section. 
After welding, all welded seams were X-rayed and 
all defects disclosed by the X-ray photographs were 
repaired, The welded joints were then stress relieved 
electrically. After being heated to proper temperature, 


the welds were allowed to cool uniformly with the heating 
elements and insulating blankets in place. During heating 
and cooling, protection from the weather was provided by 
a temporary housing erected over the pipe. 

Tests were made of the welded joints by cutting samples 
from test-plates welded under identical conditions. The 
specifications for the work required an all-weld metal 
sample to show a tensile strength of 55,000 lb. per sq. in., 
ductility of 20°, elongation in 2 in., and specific gravity 
of 7-80. Also, a free bend test was required to show 30°, 
elongation in outside fibres without any indication of frac- 
ture or tear. 

After approval by the inspector, each 20-ft. section was 
hauled from the fabricating site on a heavy duty trailer and 
swung into position on the dam by overhead cable ways. 
When properly placed the sections were welded together 
by the manual shielded are process of welding. On com- 
pletion of all welding the insides of the penstocks were 
sand-blasted and given a coat of paint. 

The two penstocks were built under the direction of 


Stress relieving the welding by electricity. Joints after being heated 
to proper temperature were allowed to cool uniformly with heating 


elements and insulating blankets in place. 


Q. A. Bailey, chief engineer of the Chicago Bridge and Iron 
Works, using automatic welding equipment, electrodes, 
and manual welding machines supplied by the Lincoln 
Electric Co., and in view of the very stringent requirements 
in all details the welding was done at considerable speed. 


Brittleness in Ductile Engineering 
Structural Materials. 
(Continued from page 147.) 
from the first constituent going into solution, its copper, 
in general, being plated out on the second constituent. 
A brittle shell is thus produced on the material, which 
becomes progressively thicker until the brass fractures. 
This is the fundamental! reason for the prohibition of Muntz 
metal bolts in yacht construction. In a copper-sheathed 
vessel fitted with brass propellers, the electro-chemical 
action is intensified, and the surface of such propellers will 
quickly become covered with a spongy copper-coloured 
deposit, which can be chipped off the edges of the blades 
with a hand hammer. A certain degree of immunity to 
sea-water corrosion is afforded by the addition of 1°) of 
tin to the brass, but should freedom from propeller troubles 
be desired with a copper-sheathed hull the propellers shou! 1 
be made of gun-metal., 
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The X-Ray Inspection Magnesium 
Castings 


By N. C. Hypher, B.A., B.Sc., D.M.R.E. 
Consulting Radiologist, High Duty Alloys, Ltd. 


The importance of the term quality in its relation to products is gradually having increased sig- 


nificance as @ result of facilities now available for careful testing and inspection. 


In this 


respect direct inspection of parts by means of radiography is proving valuable, and in this article 
its application to the inspection of magnesium castings is discussed. 


nesium castings by means of X-ray photography 

or radiography. The casting for inspection is placed 
upon a film container and subjected to the rays from an 
X-ray tube placed vertically above. The distance between 
the X-ray tube and the film may be varied according to the 
size and shape of the different castings, but in practice 
I have attempted to keep this distance at 40 in. to avoid 
distortion in the results obtained. 

Magnesium castings 
are, among metals, the 
most easily and readily 
penetrable by the 
X-rays. A magnesium 
casting 6 in. thick can be 
penetrated satisfactorily 
with the X-ray exposure 
necessary for obtaining a 
picture through 4in. of 
aluminium. Radiographs 
of the aluminium alloys, 
however, show up such 
common defects as blow- 
holes much more sharply 
than in the case of the 
magnesium alloys. The very ease of penetration of the 
magnesium alloys by the X-rays also brings the difficulty 
of securing adequate contrast between defect and sound 
substance. The more nearly a substance approaches the 
density of air, the more difficult will it be to secure an 
X-ray picture delimiting a cavity containing air from the 
parent substance. 


"T= paper deals with the direct inspection of mag- 


Fig. 2.—Magnesium casting showing blow-holes at the fringe. 
A series of castings of this type showed that the defect was most 
liable to occur in this situation only. 


In order to obtain contrast in such circumstances, the 
voltage of the current impressed on the X-ray tube must 
be lowered sufficiently. This voltage can be determined 
with practice. For thin castings voltages between 50,000 


Fig. 1—X-ray of a large casting, showing central * draw 


and 65,000 are quite useful up to a thickness of 3 in. Above 
this thickness the voltage should at the same time be 
raised, but with the raising of the voltage detail tends to 
get less clear in respect of the finer and smaller defects. 
Owing to the ease of penetration of magnesium castings 
and difficulty of obtaining good contrast, the method of 
visual screening is of little value. We find that the fluor- 


escent screen tends to blur definition much more readily 
than in the case of the aluminium alloys. 


The visual 


or void, 


method is never so accurate as the radiographic in all 
cases of X-ray inspection, and in the case of the magnesium 
alloys it is at its lowest value. Magnesium castings are 
inclined to a greater degree of porosity than aluminium 
castings, but the porosity is mostly of a different type, 
being intercrystalline crevices not shown by the ordinarily 
used method of X-ray investigation. Faint indications of 
the blowhole type of 
porosity are obtained 
by taking careful radio- 
graphs using low volt- 
age and dispensing 
with fluorescent 
screens, minute specks 
indicating porosity are 
then obtained upon 
the film. Larger 
“draws” are often 
seen in the film, and 
resemble the marks 
made by cats’ paws 
upon a white surface. 
These we have 
termed cat’s-paw ” 
defects, and such fre- 
quently contain flux 
inclusions, such as 
magnesium chloride and sodium fluoride or magnesium oxide. 
Blow-holes or shrinkage cavities may also occur (Fig. 1 and 
Fig. 2). The casting shown in Fig. 3 has a few blowholes 
at the margin. It was found that a series of castings of 
this type tended to show blowholes only in this situation, 
and elimination of the defect was achieved by rearranging 
the runners and risers, this being an instance of the successful 
use of X-ray in production to enable one to overcome 


Fig. 3.—A thin magnesium casting showing 
a small blowhole near the figure 3. 
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Fig. 4.-An X- 
ray showing the 
relative densities 
of wood 2} in, 
thick, magne - 
sium alloy 2} in. 
thick, and coal 
thick. 
The radiographs 
are positives, 
and show that 
wood is more 
easily penetrated 
than coal, and 
Wood, Magnesium Coal coal more easily 

Alloy. penetrated than 

magnesium, 


defects, Cracks are revealed if of an appreciable depth, 
and if they lie in or approximate to a plane parallel to the 
X-ray beam. 

Fig. + is of interest, as it shows the effect of taking three 
different substances with one X-ray exposure, wood, 
magnesium, and coal. In this picture the magnesium 
casting 2] in. thick was found to be inadequately exposed, 
the wood 2} in. thick was found to be slightly over-exposed, 
and the coal 2} in. thick adequately exposed. In the film 
the cracks and laminw in the coal are clearly revealed, 
together with some ash. TINs radiograph was taken without 
the use of intensifying screens. 

The type of porosity mostly met with in magnesium 
castings and referred to earlier is not shown by the normal 
method of X-ray, and it can readily be seen by micro- 
examination, but this is not a practical method except for 
testing a small cut section of a casting. By an interesting 
method devised by the firm of High Duty Alloys, Ltd., the 
intercrystalline as well as blowhole type of porosity can be 
readily detected. The method, which involves the sub- 
jection of the casting under pressure with a metallic sub- 
stance of great X-ray density, has been patented by the 
firm, and is proving extremely useful, not only as an aid 
to the detection of flaws by X-ray, but as a positive means 
of doping to prevent porosity troubles even at exceedingly 
high pressures. The material readily passes through 
the casting, and in doing so some of it gets trapped in the 
spongy metal, and shows up readily on X-ray examination. 


Fig. 5. (Top) -An X-ray of a tubular magnesium casting. 


Fig. 6. (Bottom) -An X-ray of the same tubular casting after injec- 
tion with a special radio-opaque substance, The substance is held 
up as a network in the porous parts of the casting, 
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It is essential that the casting be thoroughly cleaned after 
impregnation, so that none of the injected substance should 
lie on the surface and lead to errors in the interpretation of 
the radiograph. 

Fig. 5 is a radiograph of a tubular magnesium casting 
possessing very thin walls (one-fifth of an inch thick) before 
impregnation, and Fig. 6 shows the result after impregna- 
tion with the special radio-opaque substance. To show the 
difficulty of testing for this type of porosity, two cylinders 
were cast in such a manner to give excessive porosity. 


Fig. 7.—-An 
X-ray of cast 
magnesium 
pots before im- 
preqnation, 


Fig, 8 —-An 
X-ray of cast 
magnesium 
pots after im- 
pregnation, 


Fig. 9. (Left) 
-Bottom of 
one of these 
pots before im 
preqnation, 


Fig. 10, 
(Right). 
Bottom of one 
of these pots 
after impregq- 
nation, 


The straight radiographs, Fig. 7, show the pots to be free 
from outstanding defects, such as blowholes and voids. 
But after impregnation the spongy characteristics of these 
castings are vividly apparent (Fig. 8). It is extraordinary 
that in this instance so fine is the porosity that the increase 
in weight was only 0-45°,. These magnesium pots were 
carefully cleaned after impregnation and before the second 
pair of radiographs were taken. The circular illustrations 
(Figs. 9 and 10) show the state of the bottom of one of the 
pots before and after impregnation. The porosity is 
greatest at the centre owing to the tendency to “ piping.” 
The bottom of these pots were } in. thick. 

Figs. 11, 12, and 13 show the effects of applying the 
impregnation method to complicated castings. Fig. 11 
is a direct radiograph of parts of a large unmachined 
casting. Fig. 12 shows an X-ray of part of such a casting 
after machining and impregnation, but without thorough 
cleaning. Blobs of the impregnated material are seen lying 
about. In Fig. 13 these loose adherent blobs have been 
cleaned off and the fine spongy network within the casting 
is revealed. The degree of sponginess varies from area to 
area. Methods of casting, principally in a study of the 
position of runners and risers, disposition of chills, ete., 
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play a most important part in eliminating the trouble, 
but only since the development of the method devised by 
High Duty Alloys, Ltd., has it been possible to detect this 


Fig. 12.—Radiograph of part of a large magnesium casting 

impregnated with radio-opaque substance, but before scraping 

away that part of the substance which adheres to the surface of 
the casting. 


Fig. 13.—Similar to Fig. 12, but after cleaning revealing the fine 
spongy network within the casting. 


fault and therefore endeavour to correct it as much as 
possible. 
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It is interesting to find an analogy between this impreg- 
nation method in the radiography of metals and a similar 
method adopted in the radiography of the human subject. 
Fig. 14 shows a direct radiograph (negative) of a human 
chest. The heart in the middle is white and the lungs on 
each side are dark, with the ribs showing through. Owing 
to the lungs being full of air and spongy, the X-rays pene- 
trate them more readily than the heart and the ribs. In 
Fig. 15 we see the effect of running a solution of 40%, iodine 
in poppy-seed oil down the windpipe into the bronchial 
tubes. Iodine being of fairly high atomic weight is some- 
what opaque to the X-rays, and consequently we have 
outlined what is called the bronchial tree. Even the small 
air sacs are filled by the oily substance, but this is not 
shown in the reduced print. 


> 


-In order to show 


Fig. 14._-An X-ray of the 
bronchial 


human chest; the lungs 
being full of air are less 
dense than the heart, and 
consequently more easily 
penetrated by the X-rays. 


Fig. 15, 
up the hollow 
tubes, ‘ipiodol (poppy-seed 
oil containing 40%, iodine) 
is injected into the wind- 
pipe, and there ramifica- 
tions are displayed, 


The magnesium castings X-rayed have approximately 
92°%, Mg, the remainder being small quantities of other 
elements, such as Mn, Zn, with possibly Si and Fe as 
impurities. 

These castings <re being used for many purposes, 
principally in the aeronautical engine field and automobile 
industry. 

I am indebted to Mr. W. C. Devereux, managing director 
of High Duty Alloys, Ltd., for permission to publish this 
paper, and for his assistance in providing the material and 
method of impregnation which I believe will open up a new 
line of foundry investigation by X-ray for at any rate the 
light metals. 


Scientific Management. 
THE Sixth International Congress of Scientific Management, 
to be held in London on July 15-20 this year, under the 
patronage of H.R.H. the Prince of Wales, will prove an 
event of considerable national importance. 

Management has never previously been the subject of a 
large conference in this country, and, therefore, I should 
like to draw special attention to this fact. The Federation 
of British Industries took some responsibility in 1933, when 
it convened together representatives of numerous pro- 
fessional and scientific bodies. These representatives 
undertook the work of arranging the Congress. 

An excellent and varied series of papers has been secured, 
and these will be printed and made available to members 
before the Congress. The necessary financial help has 
been given by the broadest range of industrial companies, 
banks, commercial houses, and by professional and scientific 
bodies, as well as by individuals interested in particular 
sections of the Congress. Very practical results have 
accrued in the countries in which previous Congresses have 
been held, and the Chairman, Sir George Beharrell, on 
behalf of his Council, extends a cordial invitation to all 
those interested in any phase of management. Early 


application for programmes and membership forms should 
be made to the Secretary of the Congress at 21, Tothill 
Street, S.W. 1. 
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ARC-WELDED TRAM CAR. 
New Steel Used. 


Constructed throughout by arc welding, this car 

is claimed to weigh a third less than conventional 

trolley cars, to accelerate twice as fast, and to be 
practically noiseless in operation, 


high-speed stream-lined railroad train is in its, has 

been developed after four years of intensive research 
by the Electric Railway Presidents’ Conference Committee. 
Not only does this new car weigh 10,000 Ib. to 20,000 Ib. 
less than conventional types, it accelerates twice as fast, 
and is practically noiseless in operation. These amazing 
results have been made possible by following the most 
modern principles of design and by utilising the latest 
developments in manufacturing materials and processes, 
including a new low-weight high-tensile steel and the 


A NEW street car, as revolutionary in its field as the 


sz 


(Courtesy of Lincoln Electric Co. 


All.welded trolley car of streamline design, 


electric are process of welding. In appearance this new 

are-welded trolley car presents a form and lines with a 

pronounced appeal to automotive-minded public. 

In planning this car, the Committee went to the car-riding 
public for ideas. The passenger's comfort formed the 
nucleus around which the car was built. Requirements of 
modern traffic conditions for quick starting and stopping 
were governing factors. The requirements, as determined 
by the Committee were as follows : 

1. Elimination of noise and all disagreeable vibration. 

2. Body structures having maximum strength and 

rigidity consistent with minimum weight and 

construction cost. 

Motor and control equipment which would provide a 
degree of agility comparable with that of modern 
automobiles, and which would permit high accelera- 
tion rates to be achieved so smoothly as to avoid 
discomfort to standing passengers. 

. Braking equipment which would permit high schedule 
speeds to be obtained with adequate safety in con- 
gested traffic. 

}. Simplicity in the operation of control and brakes. 

6. Attractive exterior and interior body design combined 
with modern seating, illumination, heating, and 
ventilation. 


New Steel Used in Construction. 

The body of the car is constructed of a new low-chromium 
alloy steel which provides light weight with high tensile 
strength and resistance to corrosion. This steel was 
supplied in sheets bent, pressed, and formed into a number 
of properly shaped parts which were welded together into 
one single continuous structure by the electric are. 

The entire framing structure presents radical departures 


— 
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from conventional car practice, and is intended to provide 
a design capable of cheap and rapid fabrication, while, at 
the same time yielding a permanently tight, rigid con 
struction. 

General particulars of the car are as follows :—Length 
overall, 45 ft. 34 in. ; width overall, 8ft. 4Zin.; height, 
rail to top of roof, lO ft. 32in.; total weight of car 
32,200 lb. ; weight of car body, 16,800 lb.; weight of, 
trucks, 15,400 lb. ; number of passenger seats, 47. 

The truck framing is of are-welded tubular steel con- 
struction. The springs of the trucks are made entirely of 
rubber. Wheels are of a special design developed by the 
Committee. They are made of steel parts so interlocked 
with rubber as to give the desired cushioning and at the 
same time to provide adequate strength and long life. 

The car is equipped with eddy current brakes, magnetic 
track brakes and hydraulically operated drum _ brakes. 
The three types of brakes are controlled from one pedal 
and operate sequentially as determined by the extent the 

pedal is depressed. With this arrange- 
2 ment, the operator need give no atten- 
tion to which brake is operated at any 
given moment. A hand brake is also 
provided for operation on the front 
truck. 

The Electric Railway Presidents’ Con- 
ference Committee, under whose auspices 
this car was built, consists of the chief 
executive officers of some twenty-five of 
the larger urban transit companics of 
the United States and Canada. The 
construction of the sample new type 
trolley car is the outgrowth of more 
than four years of research and develop- 
ment work under the auspices of this 
Committee. The new features of the 
car have been tested both in the 
laboratory and in practice to a sufficient 
extent to show that they represent 
practical developments. 


Heat-treatment Plant Demonstrated. 


REMARKABLE progress has been made in recent years in 
every branch of electrical engineering. The results of steady 
research, together with steady improvement in design, 
are reflected by the increasing size, efficiency, adaptability 
of electrical apparatus, and appliances of all kinds. The 
services rendered by electricity are more numerous, and 
are discharged more effectively than ever before. Much 
of this development can reasonably be credited to various 
municipal electricity supply departments for the initiative 
displayed in giving facilities for showing the possibilities 
of suitable appliances and equipment. An illustration of 
this is a recent exhibition and demonstration of heat- 
treatment furnaces and equipment by Wild-Barfield 
Electric Furnaces, Ltd., and the Foster Instrument Co., 
held in Manchester, with the co-operation of the Manchester 
Corporation Electricity Committee. 

The furnaces on view represented the latest developments 
of Wild-Barfield Electric Furnaces, Ltd., and visitors were 
able to see these furnaces in operation on work for which 
they were designed. The exhibits included both vertical 
and horizontal types of automatic hardened furnaces : 
box-type heat-treatment furnaces, with the patent “ heavy 
hairpin ” heating elements : forced air circulation furnaces ; 
small high-temperature furnaces; and several muffle 
furnaces of various design. Considerable interest was taken 
in the exhibits, and many firms in the Manchester area 
supplied parts for treatment, in order that the furnaces 
could operate on a production basis, and the results 
achieved indicate that the demonstrations have served a 
useful purpose, 
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Properties, Characteristics, 


and Uses of Stainless Steel 


By S. A. MAIN, B.Sc., F.Inst.P. 


Stainless steels and iron are of great industrial value and represent one of the most important 
metallurgical developments in recent years, as, in addition to resistance to atmospheric 
corrosion and scaling at high temperatures, they are also resistant to the corrosive action 


of acids. 


two main types : the chromium steels and the nickel-chromium steels. 


In a recent paper before the Royal Society of Arts, the author considered the 


Particular attention 


was given to their applications, extracts from which are given in this article. 


applied to the steel now familiar to everyone in its 

use for cutlery. For that particular purpose the 
distinguishing character of this steel could hardly have 
been expressed better in one word. The merits of this 
chromium steel, however, are of wider scope. It conse- 
quently found uses other than for cutlery, through its 
ability to resist ordinary corrosion—that is, by water and 
air. Under these conditions chromium steel is not always 
altogether stainless, nor is the retention of an immaculate 
appearance really necessary in most cases. So long as 
rusting is reduced to such an extent as to avoid the usual 
engineering difficulties which it brings in its train, it can 
well justify its use. Chromium steel of the cutlery type 
also has virtues other than its corrosion-resisting qualities. 
Suitably heat-treated, it is an excellent high-tensile steel— 
that is, it provides a steel of high tenacity, having the same, 
or better elasticity, ductility, and toughness as ordinary 
steel. Although many other alloy steels have these par- 
ticular features to an even greater degree, few besides the 
cutlery steel and modifications of it combine them with a 
non-rusting character, and this useful combination provides 
other applications for it. Chromium steel has merits in 
yet another direction—that of suffering less loss than ordin- 
ary steel, due to what is called heat-scaling. 

The “ stainless’ steels are of two main types: First, 
the chromium steels—that is, alloys of iron and chromium 
containing more or less carbon, and including the cutlery 
steel referred to. This in its standard type has about 13% 
of chromium and 0-25 to 0-35% of carbon. There are 
variations which improve this type for special purposes. 
The second class is formed by the nickel-chromium steels— 
that is, alloys of iron with both nickel and chromium. In 
general, in these latter steels, carbon—the element which 
gives the principal distinctive character to ordinary steel 
as compared with iron—is very small in amount, only about 
one-tenth of 1%. It is mostly unnecessary, and in many 
cases actually undesirable. These nickel-chromium steels 
also have their variations, brought about by changes in 
the relative amounts of nickel and of chromium, and by 
smaller additions of other special elements. There is, 
however, one main type which enjoys a large range of 
uses, the most familiar of which is for those household, 
office, and ornamental purposes already referred to, and 
including shop fronts and fittings. This steel contains 18% 
of chromium and 8%, of nickel, practically the whole of the 
remaining 74%, being iron. 

The uses to which non-corroding and acid-resisting steels 
have so far been applied may conveniently be classified as 
follows :—Cutlery ; decorative and household purposes ; 
in chemical engineering and the manufacture of food ; in 
engineering ; and in instrument making. 


‘ee term stainless steel is one which was originally 


Cutlery. 


Stainless cutlery steel is not, at least in the author's 
experience, capable of quite the same hardness as carbon 
steel. Its hardness is, however, fully adequate for cutlery 
purposes—even for carvers, which have been the most 
subject to criticism. While this latter remark is true of the 
standard type of chromium steel, it applies specially to 
improved types, in which a small amount of another 


element, usually silicon or molybdenum, is incorporated, 
Without delving too deeply into metallurgy, it may be 
mentioned that ordinary steel owes its hardening property 
to its carbon content, in increasing amount up to about 1%. 
Stainless steel also requires carbon, but to a less amount, 
since the chromium reinforces its action. The useful limit 
is ordinarily reached with only 0-3%. Silicon has the 
effect of enabling still larger amounts of carbon above this 
limit to be effective, with the possibility, therefore, of greater 
hardness, still more closely approaching that of carbon 
steel. Molybdenum seems to reinforce the action of the 
chromium on the carbon. In a further modification, a 
blade of improved hardness is produced by increasing both 
the chromium and the carbon percentage to 18 and 0-75 
respectively. The increased manufacturing difficulties 
resulting from this change have so far, however, prevented 
any serious development in this direction. 

So far the use of stainless steel for cutlery has been more 
or less limited to the chromium steel as originally introduced 
by Mr. Brearley, of Sheffield, or to modifications of it. 
Mention should, however, be made of the cobalt-chromium 
steel used by one Sheffield manufacturer for safety-razor 
blades, 

Decorative and Household Uses. 

The general type of steel used contains 18%, of chromium 
and 8% of nickel. It is thus very different in composition 
from the cutlery steel; its general character is also very 
different. It does not, for example, harden by quenching, 
nor is it effectively enough hardened by any other means, 
so that it is quite precluded from use in cutlery. Its 
corrosion-resisting properties are, however, enhanced, and, 
further, for the purposes now mentioned, the special point 
is that hardening and tempering necessary for the cutlery 
steel are not needed. For decorative purposes, therefore, 
this nickel-chromium steel is a material with less limitations 
and much greater possibilities than the cutlery steel. There 
are few limits to the form which it can be made to take. 
Speaking for the moment of purely decorative uses, the 
scope of its use depends entirely on how far it is able, 
on the merits of its appearance and lustre, to replace with 
advantage existing decorative materials, or to supplement 
them. 

In Chemical Engineering and the Manufacture of 
Foods. 

There are many engineering applications in which the 
non-rusting character of stainless steels under the ordinary 
corrosive influences of air and water are particularly 
valuable. But, besides this quality, stainless steels of the 
chromium-nickel types have remarkable virtues in the way 
they are able to resist the attack of acids and chemicals of 
many kinds. The activity of these chemicals provides in 
many cases, both in their manufacture and in storage, a 
special problem as regards the material for their containers, 
for which purpose there is good scope for stainless steel. 
One of its first applications in this way was in the manu- 
facture of nitric acid, which has undergone such remarkable 
development since the Great War. Imperial Chemical 
Industries, which in this country has been mainly responsible 
for this development, have in their extensive plants at 
Billingham made a large use of nickel-chromium steel, 
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which for practical purposes is unattacked by nitric acid 
at most temperatures and in most strengths. 

The use of stainless, or as it should be called in this 
connection, chemically resistant steel, has peacefully 
penetrated chemical manufacture and industries in which 
chemicals are employed, to such an extent that it would be 
difficult to cover the many applications, but many typical 
cases can be mentioned. Besides nitric acid, of which use 
is made in the manufacture of celluloid, artificial silk, 
rubber, explosives and imitation leather, and in dyeing, 
18-8 is satisfactorily resistant to other acids which find 
general employment. Thus, sulphurous acid is much in 
evidence in paper-making, and is also useful in dyeing and 
in the photographic industry. Crude oleic acid, used in 
the wool industry, is also without effect on this steel, as is 
acetic acid, entering into the manufacture of leather, paint, 
and perfumery, and in dyeing. Turning to the manufacture, 
canning, and bottling of food, 18-8 steel is particularly 
useful, since it happens to be immune against attack by 
practically all fruit and vegetable juices: also to acetic 
acid (the active principle of vinegar) and the lactic acid 
contained in milk, for the handling and conveyance of 
which in bulk containers of stainless steel are now used in 
an extensive way. The standard type of nicke!l-chromium 
steel is thus remarkably successful of itself in providing 
for many of the diverse requirements of the chemical 
industries. It has its limitations, but many of these are 
removed by recourse to modifications in composition. 

Curiously enough, the common acids, sulphuric and 
hydrochloric, are among the few agents against which 
18-8 is not entirely effective, and a steel which can be 
used with complete success with hydrochloric acid is yet 
to be sought. By an increase in the nickel content of the 
steel the action of this acid can, however, be minimised 
to a sufficient degree to make the use of nickel-chromium 
steel possible in some cases. The addition of molybdenum, 
copper or silicon to I8-8 steel minimises the attack of 
sulphuric acid, In this case, however, such is the desirability 
of the steel in other ways for many processes where this 
acid is concerned, that other expedients than changes in 
composition are employed to enable it to be used. Nitric 
acid, it is found, when mixed with sulphuric and also with 
some other corrosive agents, fortifies the steel against their 
attack, and this can be done without detriment to the 
operation of many processes. Admixture of copper sulphate 
with sulphuric acid has a similar effect. Phosphoric acid 
is another important agent used in many industries and 
which presents difficulties. It is found, however, that these 
difficulties are associated more particularly with the acid 
in its less pure forms ; if it is of a C.P. standard of purity, 
nickel-chromium steels are quite competent to deal with it. 

A particular class of manufacturing operations in the field 
of chemical engineering has so far been omitted—that is, 
those in which chemical reactions are carried out at high 
temperatures and pressures, The problems here as regards 
chemical activity take on a different character. Although 
the chemicals dealt with may in some cases be the same 
as at more ordinary temperatures and pressures, their 
chemical activity is usually greatly modified, which means 
in most cases intensified. Other effects also come in, 
because of the tendency of gases under high pressure, 
assisted by their extra mobility due to increased tempera- 
ture, to penetrate the substance of their containers, even 
some metals. Hydrogen gas, which is present in many 
reactions, is specially active in this way. Further, the 
working temperatures which commonly reach nearly a red 
heat, and in some cases exceed this, reduce the strength 
of metals and their ability to sustain the internal pressure. 

The problem has thus extended to the border-line of the 
rather wide field of another class of steels—namely, the 
heat-resisting steels—which it is impracticable to enter 
effectively here. It may, nevertheless, be said that the 
requirements for this class of high-temperature high- 
pressure operations, which is the chief line of development 
in the chemical industry, are on the whole being satis- 
factorily met with steels of various special compositions, 
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These steels have the necessary combination of strength at 
working temperature, resistance to chemical attack and 
impenetrability by the high-pressure gases. 

It is interesting to know that even in this field the 
standard 18-8 nickel-chromium steel, which has some 
claims to being a heat-resisting as well as corrosion-resisting 
steel, is able to meet several purposes. 


In Engineering. 

In the fields of mechanical, structural, and civil engineer- 
ing, the use of stainless steel has mainly to be based on its 
ability to resist the more ordinary forms of corrosion ‘by 
air and water—that is, rusting: at the same time, ‘this 
corrosion does take on a more chemical aspect at times, as, 
for example, in the pumping of acid (and alkaline) mine 
waters ; even sea-water, the effects of which are encountered 
in many directions, is a solution with a distinct chemical 
activity. 

For purposes where a definite load or stress has to be 
sustained, plain chromium steel of the cutlery type is 
usually the best, because of its elasticity and ability to 
support a high stress without permanent stretching, which 
can readily and definitely be conferred on it by quenching 
and tempering. The nickel-chromium non-rusting steels 
are not devoid of elasticity, but in their case this quality 
can only be conferred in a precise way by elaborate methods 
of pre-stressing. Even then the elasticity is not quite so 
perfect as in the chromium steels. The harder character of 
the plain chromium steels as compared with the nickel- 
chromium steels, gives them an advantage also where 
abrasive action is operative as well as corrosion. This 
often occurs with pump rods, through grit being carried 
into the glands. 

For engineering purposes, steels of the same chromium 
content as cutlery steel can be added, but with progressively 
lower carbon content. The advantage of introducing these 
is that the tenacity can be better graduated to suit require- 
ments. The removal of carbon also makes the steel less 
dependent on its heat-treatment, and on the finish given 
to its surface, for its ability to resist corrosion. With only 
about 0-1°, of carbon, which is the practical low limit, the 
so-called stainless iron is produced, actually a very ductile 
and tough steel, which is non-rusting even in an ordinary 
annealed condition. 

Besides reducing the carbon content, another variation 
sometimes adopted is to increase the chromium content to 
18 or 20°,, at the same time introducing a small quantity, 
about 2°, of nickel for the improved ductility it gives. 
This amount of nickel can be added without destroying 
the essentially elastic character of the plain chromium steels, 
or carrying them over into the quite different characteristics 
of the nickel-chromium steels as a class. This type of steel 
is found to have a special advantage in avoiding the 
specially vigorous corrosion which is liable to occur when 
chromium steel has to work in contact with brass or bronzes. 
Where the application is such as not to call for the special 
characteristics of the chromium steel, the nickel-chromium 
types are usually better, and here again, as in domestic 
and decorative uses, the steel with 18°, of chromium and 
8°, of nickel serves in most cases as well as any. 

For aircraft, stainless steel has been invaluable. In 
airships the rival claims of the light aluminium alloys have 
to be considered, and in some cases, as, for example, in the 
ill-fated R1OL, the two materials have been used together. 
It is in seaplanes where stainless steel is of the greatest use, 
because of the corrosive action of the marine atmosphere 
and sea spray on other metals, or the lower strength in 
relation to weight of those metals which would be satis- 
factory in that respect. The use of stainless steel in this 
way seems to be becoming more and more adopted in new 
constructions. 

Steam turbines provide a further important field for the 
use of stainless steels. Steam itself, whether wet or dry, 
is not specially corrosive, but while the turbine is at rest 
the damp atmosphere of condensed steam, and of air drawn 
in by the partial vacuum then existing, is particularly so. 


~ 
- 
= 
¥ 


ApriL, 1935. 


It is the blading which suffers, and corrosion may bring it 
into a very bad and inefficient condition. With advancing 
steam temperatures, stainless steel has become largely used 
for certain stages of the turbines. The type here referred 
to is the plain chromium steel. It is strong even at moder- 
ately high temperatures. 

So important is the question of suitable blading materia! 
that special types of stainless steel have been developed for 
this purpose. These are mostly nickel-chromium steels, 
because of the advantage, among others, which this type has 
in not requiring heat-treatment. Of these the steel which 
enjoys the greatest use is one containing about 36% of 
nickel. and 12% of chromium. Were its first cost not higher 
than that of the plain chromium steel, it would probably 
be used entirely in preference to the latter, since it is more 
completely adapted to the various processes used in the 
assembly of the blading in the turbine, and completely 
non-corrodible in circumstances which are unfavourable 
to the chromium steel. In view of these qualities, the first 
cost has not acted as a complete deterrent, and turbines of 
a capacity in total of some six millions of horse-power are 
equipped with it in whole or in part. 

In marine turbines, corrosion is particularly active, 
because of salt finding its way into the steam. In the 
presence of this kind of contamination chromium steel is 
liable to corrode badly. The nickel-chromium stee! men- 
tioned has therefore a special advantage, and a considerable 
proportion of its use is in the mercantile marine and British 
and foreign navies, although by no means restricted to 
these. The whole of the blading, fixed and moving, of the 
s.s. Normandie, the French rival to the Queen Mary, is of this 
steel, and amounts to 66 tons. 


In Instrument Making. 


In the construction of scientific instruments of all kinds, 
alloys of iron of many types have been utilised for the 
variety of useful physical properties which they provide— 
high permanent magnetism, or a high retentivity—i.c., 
permeability for magnetism, constancy of many properties 
with changes of temperature, such as dimensions and 
elasticity, are some of these. Advantage has equally been 
taken of stainless steels. These are now much used for 
such items as screws, links of mechanisms, and other 
moving parts, structural members, dial plates, and specially 
for mirrors. A metallic and untarnishable mirror has, of 
course, distinct advantages over silvered glass. It has only 
a single reflecting surface, thus avoiding double images, 
and increased efficiency because the light is not subject 
to absorption by a passage both ways through the glass. 
The manufacture of mirrors in stainless steel can be said 
to have reached a high state of perfection. 


The Manufacture of Stainless Steels. 


Stainlessness and resistance to corrosion of chemicals 
are qualities which are easily upset by contaminating 
elements in the steel itself. If only for this reason, therefore, 
practically all stainless steels are made in electric furnaces, 
by which method the greatest possible purity is obtained. 
There are also other metallurgical reasons for this choice, 
brought about by the comparatively large proportions of 
chromium, or of chromium and nickel, in the furnace charge. 

Where the steel is used in the form of castings it cannot 
be said that, with a knowledge of the characteristics of the 
steel, foundry practice is much more difficult than for 
ordinary steels. Close control of such points as casting 
temperature is, however, specially necessary, and, most 
important, a specially good surface finish must be aimed 
for. Pits and other blemishes in the surface of stainless 
steel castings are particularly liable to form centres of 
corrosion. Most stainless or acid-resisting steel is, however, 
required in forms which have to be prepared from material 
which has been rolled or forged. In these operations of 
forging and rolling, stainless steels are much more delicate 
to handle than ordinary steels. 

As with castings, so the ingot must be poured at a 
correctly controlled temperature, and must have a good 
surface, Any blemishes which do appear it is necessary 
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to remove by grinding or machining, many ingots in fact 
being machined all over as a regular practice. Surface 
folds and marks which in ordinary steels would simply 
be smoothed out, readily develop, in the forging or rolling of 
these highly alloyed steels, into serious cracks and breaks. 

The rate at which the heating, previous to forging or 
rolling, is carried out must be carefully watched, because 
anything but gentle heating is liable to crack the steel. 
This applies more particularly to the chromium type and 
grade of steel. 

Cold drawing into wire or cold rolling of strip, where this 
is necessary, are again operations which also necessitate 
a special technique. The steels required in this form are 
mainly those of the nickel-chromium type, and a character- 
istic of these is that in process of cold working they soon 
harden up to such an extent that further work becomes 
difficult. Under the large stresses which have consequently 
to be put on the material it is very liable to break off or tear. 
Special arrangements have therefore to be made for re- 
softening the steel, by reheating and cooling it at each 
reduction in size. In the case of fine wire or strip, these 
reductions are many because very little work can be put 
on at one time. 

Components in chromium steel for engineering plant and 
appliances being usually supplied in a finished condition, 
or merely requiring a finish-machining, receive their final 
treatment in the manufacturer’s works, this being the 
quenching and tempering treatment which confers both the 
highest strength and toughness and the greatest resistance 
to corrosion. Exception must be made in the case of 
** stainless iron ’’—that is, the chromium steel with very low 
carbon. The nickel-chromium steels not being influenced 
in the same way by heat-treatment, are nevertheless 
amenable in the sense that the hardness induced by cold 
work, and even by forging or rolling, is removed by a simple 
heating and cooling—which cooling should be rapid. Such 
softening is usually desirabie, because of subsequent 
manipulation of the steel in its fabrication and shaping. 
The resistance to corrosion of these nickel-chromium steels 
is not materially affected by this heat-treatment. 

The necessity for a high degree of surface finish in the 
steel used for decorative purposes and utensils demands 
special precautions at all stages of manufacture. Foreign 
particles, even small ones, in the steel—inclusions as they 
are called—are readily apparent in, and blemish, a polished 
surface. Scale, which does not so easily form on these 
steels when they are heated as with ordinary steel, is 
nevertheless more tenacious and adherent ; if allowed to 
remain, it would leave its imprints in the surface after 
rolling or forging operations. Pickling-in acids has there- 
fore, to be resorted to to remove it. In the later stages the 
formation of scale must in fact be prevented as far as 
possible, and special furnaces are employed from which the 
atmosphere is excluded. These furnaces are electrically 
heated. Apart from the general neatness and cleanliness of 
electric furnaces, they remove all possibility of contamina- 
tion from furnace gases. The nickel-chromium steels are 
particularly susceptible to such contamination, especially 
from sulphur. 

Peculiar Characteristics. 


The stainless character of these steels is due entirely to 
their being covered by a protective film. This protective 
film is not one which is put on during manufacture, it is 
produced naturally by the action of the oxygen of the air 
on the steel. It is extremely thin, only a few atoms in 
thickness, colourless and transparent. It is formed very 
rapidly ; consequently, although so thin and readily 
damaged, at any place where it becomes abraded away 
a fresh film is formed at once and the continuity maintained. 

More extended research has shown that the stainless 
steels are not unique in the formation of a film. This 
happens with other and corrodible metals, including iron 
and the many steels which are not stainless, but in these 
cases the films are not effectively protective. Unlike those 
on stainless steels, they are of an open or porous texture, 
and permit further access of moisture or other corrosive 
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agencies to the metal. Curiously enough, the film formed 
on the metal chromium itself is of a compact and impervious 
kind. It may be, therefore, that the stainless steels owe 
their character to this particular property, brought to them 
by the chromium in their constitution. At the same time, 
it is puzzling why, with only about 12 to 14%, of chromium 
in the metal, its full effect should be obtained. 

A further curious feature of the chromium-nickel steel 
of the 18-8 type is that it is non-magnetic, notwithstanding 
that the magnetic metals, iron and nickel, form the major 
part of its bulk and weight. This is a fact for which there 
is as yet noexplanation. Still more puzzling and interesting 
is the fact that this non-magnetic alloy, when it isde-formed 
severely: at ordinary temperature—that is, cold-worked— 
becomes quite strongly magnetic, though this does not 
happen with hot-working—that is, at any temperature 
above about 250°C. This change of properties should be 
borne in mind where use is made of the 18-8 steels in 
magnetic apparatus. 

Another special characteristic of the 18-8 chromium- 
nickel steel has already been mentioned—that is, the way 
in which it hardens up when it is worked. This is a point 
of some practical importance, outside as well as inside the 
steel works, especially where shapes have to be formed by 
deep pressing. Here it is usually impracticable to anneal 
the steel between stages, if only because it often has a 
bright finished surface before pressing. For such purposes 
resort is therefore made to a modification in composition, 
and an alloy containing about 12°, each of chromium and 
of nickel has been found much more satisfactory for working 
in this way, as, for example, in the production of spoons 
and forks. 

In the course of development of the practical applications 
of the 18-8 steel, it was found that decay occurred at the 
joints after a welded article had been in use for some time. 
Metallurgical study showed this decay did not occur in the 
weld metal, nor usually in the metal itself close to the joint, 
but at a little distance away. Experimental work, carried 
out to investigate this, disclosed that heating the steel to a 
certain temperature put it into a very unfavourable con- 
dition tor resisting chemical attack. The temperatures 
inducing this breakdown in the resistance of the metal 
are limited in their range and are near a low red heat. 
Such temperatures are naturally operative in welding, in a 
zone between the metal, which is too far removed from the 
weld to be warmed up appreciably, and the very hot 
conditions at the weld itself. Once the nature of this 
breakdown became understood, the remedy was soon 
available in the form of an addition to the steel of a small 
amount of one or other of the special elements—titanium, 
tungsten, silicon, or niobium-tantalum. The trouble arose 
from the presence in the steel of the small amount of 
carbon, and the special elements mentioned act by their 
selective and favourable action on this carbon. 

A few other points may be mentioned in speaking of the 
peculiarities of stainless and acid-resisting steels. ‘The first 
refers to the cutlery steel. If heated and quenched accord- 
ing to the best procedure adopted for hardening ordinary- 
that is, carbon steel,—or most of the lightly alloyed steels, 
it does not respond—that is, it does not fully harden. The 
temperature must be raised some 150° C.—c.e., from about 
800° to 950° or 1,000°. This characteristic gave some 
difficulty, in the early days, to cutlers with long experience 
of carbon steel blades, but is now well understood and 
appreciated. 

Temper colours, by which is meant the range of colours 
from a light straw through purples to blues, which form 
on the surface of the steel when it is progressively heated, 
if used as an indication of temperature in the same way 
as for ordinary steel, are misleading. Roughly speaking, 
it requires about twice the temperature in degrees Centi- 
grade to give the same colour on stainless steel as on ordinary 
steel. Thus for a light blue the temperature is for ordinary 
steel 288° and 600° for stainless steel. The reason is that 
the colours are due to a transparent oxidation film; a 
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film, and naturally this requires a more active oxidation— 
that is, a higher temperature, with a loss oxidizable steel 
like stainless steel than with ordinary steel. 


TIN IN 1934. 
<i world consumption of tin in manufacture showed 


as light decrease in 1934, according to the Hague 
Statistical Bulletin of the International Tin Research 
and Development Council, at 130,000 tons, against 134,000 
tons in 1933, and 106,000 tons in 1932. Many countries 
consumed considerably more tin in 1934 than in 1933, 
notably Russia, with an increase of 42-6°, Canada 46-2%, 
and Japan 16°3°%,. Among the smaller consuming countries 
the following showed substantial increases: Denmark 
34°4°%,, Poland 28-3%, Norway Sweden 20-7%. 
The largest decrease was in the United States “ apparent ” 
consumption, which declined by 25-8%. Consumption 
in France decreased by 5-9%, and there was a slight 
decrease (1+8°,) in Germany. The only other countries 
which showed decreases were Belge-Luxembourg and 


Czecho-Slovakia. The following table shows the 
‘“ apparent ” consumption of tin in the principal countries : 
1934 1933 Increase over 
(Tons). (Tons), 1933, %. 
United Kingdom 19,964 5-6 
Germany 1-8 
France 5-9 
- 42-6 
Italy - 8-2 
Japan 16°35 
British India 7-6 
16-2 
Other Countries 13-8 
Apparent world consumption. ............ 117,527 127,244 — 76 
World consumption in manufacture (approx.) 130,000) 134,000) 3-0 
Approx. depletion of consumers’ stocks ...... 12,500 6,800 — 


Production of Tin.—World production of tin in 1934 was 
108,194 tons, compared with 84,963 tons in 1933 and 
92,908 tons in 1932. The total output of tin in the five 
largest producing countries amounted to 88,271 tons in 
1934, an increase of 21,630 tons over 1933, while the output 
of the rest of the world increased by 1,601 tons to 19,92% 
tons. The output of the chief producing countries is shown 


in the following table :— 


1934 1933 Increase over 

(Tons). 1933 (Tons). 
Malaya 23,760 .. 10,367 
olivia 3 5,909 
Netherlands E. oo 4,237 
GD 10,324 .. 167 
Niveria 3,651 .. 1,284 
Other Countries 18,322 .. 1,601 


Tin Consumption in America.—The actual consumption 
of tin in the United States exceeded the “ apparent ” con- 
sumption by about 10,000 tons in 1934, the difference being 
due to depletion of consumers’ stocks. The United States 
consumption of tin in manufacture was 53,940 tons in 
1934, compared with 61,440 tons in 1933 and 40,600 tons 
in 1932. 

The amount of tin used in bearing metals increased by 
10-9°%, to 3,350 tons, and the amount used for solder 
increased by 21+8°, to 8,620 tons. The “ apparent ” 
consumption in the U.S.A. during December, 1934, was 
2,816 tons, against 3,590 tons in December, 1933; in the 
United Kingdom 1,767 tons, against 1,665 tons; and in 
other countries 4,976 tons, against 4,079 tons. 

Tin Consuming Industries.—The world output of tinplate 
in 1934 was 2,862,000 tons, against 3,194,000 tons in 1933, 
and 2,330,000 tons in 1932. The decrease is attributed to 
the United States of America. World production of auto- 
mobiles is recorded as 3,748,942 vehicles in 1934, against 
2,695,184 in 1933 and 1,978,007 in 1932. The 1934 figure 
shows an increase of 39°, over 1933. 

World Stocks of Tin.—The world visible stocks of tin 
at the end of January, 1935, were 17,122 tons, compared 
with 17,107 tons at the end of December, 1934. 
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of Weld Decay 


By E. C. Rollaston, M.Sc. 


Increasing importance is attached to the application of welding in structural work. In this article the 
problem of weld decay is discussed in relation to the austenitic stainless steels and methods for its 
prevention are described. 


on the development and utilisation of the stainless 

steels, and while there are numerous alloys now 
available, the austenitic steels containing 15-20% 
chromium, 11-8% nickel, undoubtedly have the widest 
application. This is due not only to their great resistance 
to corrosive media, but also to the ease with which they 
can be fabricated by the various industrial processes. It 
was found that the addition of other elements, such as 
tungsten, copper, molybdenum, and silicon, singly or in 
combination, to the straight 18/8 steel, improved their 
resistance to certain corrosive conditions. Hence, even 
under the heading of austenitic stainless steel, we have 
many varieties of steels. 


ie recent years increasing attention has been focussed 


Fig. 1.—Cracking in plate § in. from weld due to intergranular 
corrosion. x 3. 


It was stated above that these austenitic steels could be 
fabricated with comparative ease. This was certainly true 
in the case of welding, especially as the early types of rust- 
less steel were susceptible to hardening and embrittling 
effects. Whilst the welding could be performed satis- 
factorily from a mechanical standpoint, corrosion trouble 
frequently developed, due to a characteristic defect of 
these steels known as weld decay. This defect occurs 
when the steel has been heated in the range 500-850° C., 
and then subjected to corrosive attack. In welding, of 
course, there is a zone on either side of the weld which is 
so heated, due to a temperature gradient from the weld 
metal, and it is this zone which is attacked round the grain 
boundaries. Consequently the material cracks in a 
characteristic fashion, or even powders, due to lack of 
cohesion of the grains when subjected to mechanical 
distortion. A typical “decayed” welded specimen is 
shown in Fig. 1. 

The cause of the defect is thought to be due to the pre- 
cipitation of very thin films of chromium carbide at the 
grain boundaries, the chromium content of which is pessibly 
as high as 90%, and is taken from the layer immediately 
adjacent to the grain boundary. Consequently this 
chromium impoverishment at the boundaries, together 
with the electro-chemical action between the carbide and 
the matrix, results in the loss of corrosion resistance in 
these regions. 

The liability to decay can be tested by boiling in the 
Hadfield solution containing 98 grms. of concentrated 
sulphuric acid and 111 grms. of copper sulphate per litre. 
Recently M. Vialle and A. Van den Bosch* claimed that 
satisfactory detection of ‘ weld decay ” has been obtained 
with a reagent consisting of— 

Perchlorie acid 

Water .. 

Copper sulphate .......... eoccce 10 grms. 
The reagent is very sensitive to the slight alterations in the 
microstructure involved during a heating in the critical 
© Revue de Metallurgie, Mar., 1934, p. 116, (Caution: Perchloric acid attacks 
che skin.) 


range. Another micro-reagent developed in Americat 
consists in the electrolytic treatment in oxalic acid — 


10 grms. 
100 ¢.mm., 


Oxalic acid 

Water 
The test specimen is made the anode, and a piece of platinum 
the cathode. The current from a 6-volt battery serves to 
reveal the carbides in 15-30 secs., and gives a clear delinea- 
tion of the structure on etching for an additional 30 secs. 
The solution does not stain the specimen. 

Needless to say, this defect was a serious handicap to 
the application of these steels in welded chemical plant, 
and it is a noteworthy achievement that this problem has 
been largely solved commercially, and chemical plant can 
be fabricated with far longer life than was the case four 


ANNEALED AT 1150°c 


ROLLED 75% 


DurRaATION oF HEATING ON SCALE 


Fig. 2.—Relation between time and temperature of heating to 
cause decay. 


years ago. The various ways of overcoming the trouble 
will now be considered. 


Effect of Treatment Prior to Welding. 


The resistance to intergranular corrosion of the austenitic 
steels is influenced by both the heat-treatment and the 
deformation they have received prior to the welding. These 
steels are most frequently sold in the fully softened con- 
dition, obtained by quenching them from 1,000-1,150° C. 
The higher the quenching temperature the softer and the 
coarser grained do the steels become. Now, in a given piece 
of steel, as the crystals become larger so the grain boundary 
“extent ”’ becomes smaller, and hence for a constant 
quantity of carbide the greater the facility for producing 
connected films. Consequently the lowest temperature 
consistent with requisite softness should be used. 

With cold-worked material decay occurs more quickly, 
but at certain temperatures its resistance is restored more 
rapidly than in annealed steel, as is shown in Fig. 2. Thus a 
sample of worked steel may decay after a short sensitising 
treatment, and yet be resistant after a longer period in the 
critical range. This effect has produced in actual practice 
extraordinary and contradictory results from time to time. 

On the other hand, deformation after welding, due 
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The{production of very low carbon steels is 
somewhat difficult and expensive, due to the 
necessity, of using low carbon ferro-chromium 
and the need for careful melting in high- 
frequency electric furnaces. 

(6) Reduction of Carbon by Heat-treatment.* 
-——-This consists of annealing heavily cold- 
worked steel at 800—-850°C. for 4 hours. 
The difference between annealed and cold- 
worked material on sensitising is shown in 
Fig.2. In the annealsteel as the time of heat- 
ing in the upper critical range (800° C.) is 
extended, so more and more carbon is. pre- 
cipitated ; chromium diffuses to repair thie 
impoverished layer and agglomeration breaks 
up the carbide films. It follows that after 
some 500 hours annealing at 800° C. the 
steel’s resistance to decay is somewhat res- 


Fig. 3.—-Unetched. Effect Fig. 4.--18 8 steel, cold Fig. 5.—-18/8 rolled 10% 
of internal stress, rolled 50°, heated to 800 annealed at 950° C, for 34 tored. In cold-worked material precipita- 
for 9 hours, Uniform pre- — Shows eg tion occurs more uniformly, throughout the 

200 specimen, at the slip planes and boundaries. 


either to contraction stresses or to 
shaping processes, accelerates the dis- 
integration due to internal stresses in oe 


the material. The effect of such a stress 


is shown in Fig. 3, where the grains have 


pulled apart while the opposite side of z one 
the specimen, under compressive 4 
stresses, showed little decay, 5 

200 


(1) Hear TREATMENT. 
Complete immunity from decay can 


be obtained by rapidly cooling the 
whole article from a temperature of 
950-1,050° C., but this treatment 
causes distortion of finished parts, and 
is quite impossible with large articles. 
(2) Repuction oF CARBON CONTENT. 

(a) As Manufactured.Many workers have 
shown that intercrystalline corrosion is absent 
from austenitic steels of low carbon content of the 
order of 0-02°, carbon, even after prolonged 
annealing within the critical range. It follows, 
therefore, that much higher carbon contents may 


be used where the sensitising treatment is of 


shorter duration, such as in welding ; in fact, in 
electric spot and butt welding the time of heating 
is so short as to cause no trouble with ordinary 
carbon contents, so long as the grain. size is small. 
Hence some firms market steels of low carbon 


content for welding purposes (e.g., Silver Fox 22). 


Fig. 7. 


Fig. 6. Same as Fig. 6 after heating 


Structure of “ Weldanka™ for 60 hours at 650° C, 


The 


1-49, Si. Small islands of carbide has precipitated in the 
Serrite in austenite, < 200, ferrite. 5 
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With heavily cold-worked material the carbon is pre- 
cipitated rapidly and would ultimately be reduced to the 
solubility limit at that temperature. The diffusion of 
chromium and the coagulation of carbides occurs more 
rapidly in a worked specimen, thus restoring the steel’s 
resistance to intercrystalline corrosion in a far shorter time 
than in the case of annealed material. Microstructures 
showing such coagulated carbides as influenced by the 
degree of cold work, are shown in Figs. 4 and 5. 

Unfortunately the steels are not fully softened, and 
would be unsuitable for press work, and, in addition, the 
junction of two runs offers difficulties due to the over- 
heating effects on the plate. 


(3) Tue Appirion oF Forminc Ferrite ELEMENTS 


Certain elements—silicon, molybdenum, tungsten—when 
alloyed with iron form a closed gama loop, or, in other 
words, tend to form ferrite. When these metals are added 
in suitable quantities to the straight austenitic steel the 
austenitic structure is re placed by one containing | a fine 


* E. C. Rollason, Iron and Steel Institute, 1934, Vol. 1. 
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dispersion of ferrite, which is stable even after quenching 
from 1,000°—1,100°C. These steels have an enhanced 
resistance to intergranular attack, due to the ferrite 
providing disconnected areas in which the carbides can 
precipitate. The microstructure of a typical annealed 
duplex steel is shown in Fig. 6, in which the austenite has 
not etched. 

A high-magnification photograph of the same steel after 
annealing at 650° C. for 60 hours is shown in Fig. 7, in 
which areas of ferrite are seen to be full of carbide. 

These steels have a much greater resistance when 
quenched from a low temperature (1,050° C.), and this is 
due to the finer grain size, and to the fact that original 
carbides are not taken into solution. These carbides lower 
the concentration of carbon in solution, and provide 
nuclei upon which it can be precipitated. These steels 
harden slightly during annealing in the range 500—800, 
as is shown in Fig. 8. 


(4) THe Propuction oF OTHER CARBIDES 


Increased resistance to intergranular corrosion is obtained 
by making suitable additions of carbide-forming elements— 
titanium, columbium, tungsten, molybdenum, followed by 


nereasing time or higher lemperature. 
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Fig. 9._-Diagrammatic illustration of methods of preventing weld 
decay. 


special heat-treatment. In this way the chromium portion 
of the carbides is replaced largely by the added element, thus 
chromium impoverishment is prevented. The two elements 
which are attracting much attention at the moment are 


titanium and columbium. A sufficient amount of each 
must be present in the alloy, and for columbium it is 
ten times the carbon content, while for titanium it is 
approximately six times the carbon content in excess of 
0-02%. As a result of critical point determinations on a 
columbium containing steel, it was ascertained that the 
material expanded and contracted normally on heating and 
cooling, being free from changes occurring in the straight 
chromium-nickel steels. It has been suggested that the 
substantial diminutions of these changes may in part 
explain the efficiency of columbium in preventing decay. 
It must be pointed out that these alloys offer far greater 
resistance to intergranular corrosion if the heat-treatment 
prior to final fabrication is such as to allow the alloying 
element to accomplish its purpose of combining with 
carbon. This can be carried out by using a lower heat- 
treatment temperature than that employed for straight 
18/8 steels, or by an anneal at 900° C. 

The reason for this is that equilibrium is but very slowly 
reached at the low temperatures of the critical range 
500°—700° C., and although the titanium has a great affinity 
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for the carbon, the limited diffusion of the various elements 
in steel allows a small quantity of carbon to combine 
with chromium, with subsequent lowering of corrosion 
resistance. This is more readily appreciated from a con- 
sideration of the availability of the atoms of the two elements 
in an alloy containing 0-8°%, titanium and 18%, chromium. 
At the higher temperature of 900° C. reactions proceed more 
rapidly, and the titanium is able to combine with sufficient 
carbon to reduce it below that amount at which chromium 
carbide can form at 650°C. The various methods of 
minimising weld decay are illustrated in Fig. 9. Thus it is 
seen that the prevention of weld decay has increased the 
already large number of stainless alloys, but has enabled 
many articles for chemical plant to be welded satisfactorily 
from both mechanical and chemical aspects. 


THE MOSCOW STEEL INSTITUTE. 
‘i Moscow Steel Institute, which includes among 


its staff such prominent scientific experts as 

Academician M. A. Pavlov and Professor N. A, 
Minkevich, has considerably extended its activities in the 
past four years. During this period, the institute has 
organised the following new _ laboratories: electro- 
metallurgical, technical analysis, foundry production, 
forging and stamping, electrical equipment and rolling. 
Such laboratories as the electro-metallurgical, foendry, 
and forging and stamping are of a semi-industrial nature, 
in which the Institute can carry out the actual process 
of production, employing approximately mass production 
methods. For instance, the electro-metallurgical laboratory 
has an electric furnace and carries out independent casting 
of high quality metal. 

In 1930 the Institute had 404 students and now has 
1,900 ; in 1935 670 specialists will leave the Institute for 
metallurgical plants. A large number of the students are 
workers, many of them coming from metallurgical plants, 
former foremen, steel smelters, rolling mill operators, and 
soon, The term of study in metallurgical colleges has been 
lengthened from four to five years and the general 
curriculum enlarged. Each student, who finishes a course 
at the Institute, must submit to an oral examination on his 
thesis before a special state qualification commission. 

Future Soviet engineers receive an appointment to a 
plant, or to their future place of work, one year before 
finishing their course at the Institute. Thus, each student 
passing into his fifth year knows exactly where he will work 
on leaving the Institute. The student carries out practical 
work for the diploma in the plant to which he is assigned 
for his last year. His graduation thesis is based on the 
conditions of work in the given plant. Thus, while retaining 
its theoretical aspects, the thesis includes in its scope a 
study of the working conditions of the plant and its 
practical needs, 

Along with its teaching work, the Institute also carries 
out scientific research work. In 1932-33, it conducted 
large-scale experiments on the utilisation of new chrome- 
nickel ferrous ores from the Khalilovo deposits. In 1934, 
the electro-metallurgical laboratory carried out work on 
the casting of ferrous alloys not previously cast in the 
U.S.S.R. The laboratory discovered a method of obtaining 
carbon-free ferrous chrome from Soviet raw materials, and 
the results of this work have been practically applied in 
industry. The laboratory is now carrying on similar 
experiments with a view to obtaining other ferrous alloys. 
The fuel laboratory is working out new methods of obtain- 
ing coke, and if these experiments prove a success, it is 
hoped considerably to enlarge the raw materials base of 
ferrous metallurgy. 

It is proposed to publish as special reports the most 
important of the research projects of the Institute carried 
out since the end of 1934, to enable other institutes and 
plants to make use of them. 
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CANADA AND THE WORLD COPPER 


CONFERENCE. 


RIMLY determined to reach an agreement whereby 
world copper output will be brought under some 
measure of control, and faced with the knowledge 

that failure to do so may cause utter confusion in the 
industry, world copper producers have gathered their forces 
in New York for a round-table discussion of ways and means 
to attain their objective. The Canadian situation is a first- 
rank problem confronting the delegates. As a leading 
producer of copper, the Dominion holds a unique and some- 
what strategic position among producing countries. 
Practically the whole of her production, which accounts for 
close to 15%, of the annual world output, is in the form of a 
by-product of other base metals and of precious metals 
operations, principally nickel, gold, lead and zine ; conse- 
quently production costs are low, and also control of output 
cannot be exercised without curtailment of production of the 
associated metals. These factors, combined with the 
announcement on the eve of the conference that a peak 
output record of 184,000 tons was established in 1934, has 
thrust the Canadian position into bold relief before the 
Conference representatives. According to the Department 
of Mines at Ottawa, the copper-nickel mines of the Sudbury 
area, Ontario, were the chief source of Canada’s copper 
output in 1934. Both companies-— International Nickel and 
Falconbridge Nickel—-have been operating at record rates 
in order to meet the requirements for nickel in the diver- 
sified industrial markets of the world, and are, as a conse- 
quence, producing the by-product metal, copper, at a rate 
exceeding 200,000,000 Ib. annually. These two companies 
accounted for 57°, of the 1934 Canadian output, with 
International Nickel contributing by far the major portion. 

In Quebec the copper industry hinges around operations 
at the Noranda property, responsible for all but a small 
percentage of the province’s output. This enterprise is 
Canada’s second largest producer of copper, and a leading 
producer of gold. Highly industrialised, its operations range 
from the mining of the ores to the marketing of the finished 
products. Operations were at a normal rate throughout 
1934. Two other properties, the Aldermac, in Western 
Quebec, and the Eustis, in Southern Quebec, made small 
contributions to the output. The former resumed opera- 
tions early in the vear, shipping copper concentrates to the 
Noranda smelter, and exporting pyrites concentrates to the 
United States. Copper concentrates from the Eustis 
property are shipped to the United States. 

In Ontario, International Nickel, the world’s leading 
nickel producer, and Canada’s leading producer of copper, 
reports that net earnings in 1934 were in excess of any 
other year with the exception of 1929. This company 
has a controlling interest in the Ontario Refining Co., the 
largest copper refinery in the British Empire. ‘Lhe blister 
copper produced by International Nickel is refined at this 
plant. Part of the company’s nickel-copper matte output 
is shipped to the United States, and part to England, for the 
production of monel metal. Four new converters were put 
into operation in December at the company’s Copper Cliff 
smelter, paving the way for a larger output, and allowing 
for smoother smelting operations and lower costs. Sinking 
of an eight-compartment shaft, which will be extended to 
the 4,000-ft. horizon, has been started at the Creighton 
Mine. At its Frood property, International Nickel is pro- 
ceeding with the sinking of a shaft from the 2,400-ft. level. 
The smelter at Falconbridge Nickel was operated at capacity 
throughout 1934. Nickel-copper matte is shipped to 
Norway for refining. A five-compartment shaft is being 
sunk 2,500 ft. to the east of the main shaft, with a depth 
objective of 1,500 ft. 

The Cuniptau property, located near Temagami, com- 
menced production of a nickel-copper ore early in 1935. 
Hudson Bay Mining and Smelting Co., leading metal- 
mining enterprise of the mid-west, was in steady operation 
during the year. Blister copper produced from the 
company’s smelter at Flinflon is shipped for refining to 
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Canadian Copper Refiners, Ltd., at Montreal East, a sub- 
sidiary of Noranda. Largely because of the comparatively 
high gold content of its copper-zine ores, Hudson Bay 
Mining and Smelting Co. has been able to maintain opera- 
tions at near-capacity rates, during the past few years, 
despite the low price of its principal products—copper and 
zinc. 

At the Britannia mine in British Columbia, the ore 
bodies being mined contain a higher than average gold and 
zine content, and for some time attention has been con- 
centrated largely on the mining of these ores rather than 
of copper. Such copper as is mined is shipped in the form 
of concentrates to ‘Tacoma, Washington, for treatment in 
bond. ‘The refined metal is then sold in outside markets. 

Indications are that operations will be discontinued 
shortly at the Granby Consolidated property at Anyox. 
Near depletion of ore reserves has combined with low 
copper prices to cause the company to give serious con- 
sideration to abandoning the Anyox enterprise. 

Canada is a heavy producer of copper, but a small con- 
sumer, and the industry is thus dependent for its existence 
on its ability to maintain and to expand its markets in 
outside countries. In recent years the markets of the 
United Kingdom have been the principal outlet for Canadian 
copper. 


Catalogues and Other Publications. 


“Some New Heat-treatable Nickel Non-ferrous Alloys ” is 
the title of a recent publication of the Bureau of Information 
on Nickel; it deals with nickel-copper alloys, nickel silvers, 
brasses, and bronzes, which, with the exception of nickel- 
copper alloys, represent recent developments which have not 
yet been used in industry to any great extent. This informative 
publication is available from the Mond Nickel Co., Ltd., 
Thames House, Millbank, London, S.W. 1. 


Entitled © Taurus Bronze Castings,” David Brown and 
Sons (Hudd.), Ltd., Huddersfield, have issued a publication 
which is of an outstanding character. It is a practical treatise 
dealing with the composition, properties, manufacture, and 
application of bronze castings for engineering purposes, with 
an illustrated commentary on the control, manufacture, 
testing, and application of Taurus bronze castings. It has 
been prepared by the Brown Research Department, and in 
addition to being both interesting and informative it is an 
excellent example printing work. 


“Some Notes on Alloy Steels,” a new booklet recently 
issued by the United Steel Companies, Ltd., 17, Westbourne 
Road, Sheffield 10, is worthy of more than passing notice. 
It deals with the development of the various steel-making 
processes, particularly in relation to alloy steels. The relative 
merits of the various processes are discussed from the point 
of view of quality, and their suitability for the production of 
high-grade steels. The advantages of the acid Siemens and 
high-frequeney electric processes are emphasised.  Heat- 
treatment is dealt with in a general way, and the effect of 
alloying clements in producing an even hardness throughout 
the mass of metal is mentioned. The influence of the various 
alloying elements is dealt with in relation to their effeet on 
physical properties. Some particular application of structural 
alloy steels are discussed in detail, low alloy steel for draw- 
gear, nickel-chromium-molybdenum steel for connecting rods, 
nickel steel to replace wrought iron and weather-resisting steel. 
Stainless steel is reviewed briefly, and an indication given of 
the purpose for which the various types are most suitable. 
Steel users will find this booklet of great value ; we believe 
copies are available on application to the above address, 


Foundry Services, Ltd., 285, Long <Aere, Nechells, 
Birmingham 7, have recently issued a chart which shows at a 
glance the influence of impurities on commercial metais and 
their alloys. It embraces such metals as pure copper, tin 
bronze, aluminium bronze, phosphor bronze, gunmetal, brass, 
nickel, nickel-silver, pure aluminium, and aluminium alloys, 
and describes briefly the influence on each of them by a wide 
range of impurities. This chart is rather novel, but has a 
distinetly practical value, and those interested should write 


for a copy. 
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The Testing of Castings 


By Francis W. Rowe, B.Sc. 


Although the subject of the testing of castings has been dealt with at considerable length in societies’ 
discussions and in the technical press, the writer offers no apologies for returning to it as it is a subject of 
vital importance to all engineers, founders and designers. 


HE testing of castings has been discussed from many 
angles, but the main weight of opinion appears 
likely to be swayed by the forcibility and fluency 

of advocacy rather than by the truth of the arguments. 
In the writer’s opinion, the advocacy of the continued use 
of the loose test bar or the test bar cast attached to the 
casting is not progressive and is likely to lull the founder 
and the engineer into a false sense of security, and to 
prevent the discriminating user from a true assessment of 
the quality of castings. 

It is true that the loose test bar has several points in 
its favour. It is a comparatively cheap method of testing. 
It has the familiarity of long usage and therefore appeals 
to the conservatively minded. Its universal applicability 
to large and small castings and the sameness of the results 
secured therefrom, renders the formulation of acceptance 
specifications easy, and lastly, by far the major portion 
of our current data and knowledge has been acquired by 
its use. Nevertheless, whilst most people connected with 
the foundry trade are, not altogether unnaturally, hesitant 
about recommending a change, yet they are the first to 
admit the loose cast test bar (cast on or off) is no criterion 
as to the soundness or otherwise of the casting to which 
it is attached or is supposed to represent. 

This type of test bar can only prove the quality of the 
metal in the ladle, and its capabilities to give a test bar 
with certain defined physical characteristics when cast 
into a picce of predetermined shape and section. Actually, 
however, the progressive, careful and enlightened founder 
has much to gain and very little to lose by the substitution 
of other methods of testing, as with the present system 
the quality of product turned out by a foundry is largely 
judged by its ability to make a good test bar. 

During the last decade there has been a growing and 
praiseworthy tendency on the part of buyers, both large 
and small, and designers, to adopt definite specifications 
for the castings they purchase. Whereas in previous 
years an iron casting or a gunmetal casting was nothing 
more, and, provided it machined without serious visible 
defects, no further qualifications were required of it. Its 
particular or peculiar composition was never inquired into, 
nor were its physical properties—good, bad or indifferent— 
seriously investigated. How often have all of us heard 
the phrase, “Sound, easily machineable castings at a 
commercial price,’ and with all fairness to the founder, 
the purchaser in most instances got fair value for the price 
he was paying. With, however, the gradual rise in stresses 
and general greater severity of the duties to which castings 
are exposed, it is being more generally recognised that 
something superior to the cheap, easily machineable 
casting gives better service results in very many instances. 
Thus, the purchaser or specifying engineer calls on such 
specifications as are extant to assist him to ensure a 
superior product. Such specifications, however, as are 
at present drawn up for most cast metals, merely ensure 
a metal giving a sound test bar and of reasonably correct 
composition. 

The writer would be the last to deny that such procedure 
has not materially raised the genera] standard of castings 
produced, but it still leaves, in so many inotances, the 
founder with little or no incentive to go beyond that, and 
leaves the progressive and superior founder with no surer 
and greater field for his product and no greater financial 
return commensurate with his greater skill than his less 
enlightened or less careful competitor. 


It is so profoundly true that two identical castings, 
cast from the same ladle of metal and having test bars 
attached with similar properties may differ enormously 
from each other in strength and soundness dependent on 
the moulding and casting conditions. Furthermore, even 
if this phenomenon did not exist, there still remains the 
incontrovertible fact that the physical properties of the 
attached test bar are usually very much higher than those 
exhibited by test bars taken from various portions of the 
castings—very frequently in the ratio of two to one in 
castings of large mass in particular alloys. 

Now these are facts which the poor designer cannot— 
and therefore does not—take into consideration in attempt- 
ing to design parts round strength values because so little 
data—if any—is available for his guidance. For instance, 
for cast iron a strength figure in any particular design 
office, of say, 14 tons per square inch may be adopted, and 
this is used irrespective of the size or mass of the cast- 
iron part concerned. In gunmetal the B.E.S.A. minimum 
test bar figures of 16 tons per square inch, and 10% elonga- 
tion are presumed to hold good for light and heavy castings. 


TABLE I. 
SHOWING THE COMPARISON BETWEEN CAST-ON TEST BARS AND BARS 
CUT FROM THE BODY OF THE CASTING IN TYPICAL BRONZE RIMS OF 
VARYING MASS. ALL THESE CASTINGS WERE FROM THE SAME LADLE OF 


METAL. 
| 
| Result of Tests. 
| 
Dimensions | Type Bars Cut } Bars Cast 
of from Casting. Attached, 
Casting. |} Mould. | 
| | | { 
| | Max. Stress | Elongation | Max. Stress! Elongation 
| Tons /Sq. In.| % |Tons /Sq. In.| % 
14 in. O.D. x 10 in.| | | 
Bore x 1} in. Wide...) Dry Sand. | 15-5 | 15-0 
14 in. O.D. x 10 in! 
Bore x 2jin. Wide.,.| Dry Sand. 14-25 | 7-0 18-25 17-5 
14 in. O.D. x 10 in.! | 
Bore x 3} in. Wide...) Dry Sand. 13-6 6-0 18-3 | 19 
Bore x 3fin. Wide. Centrif. we 


The chief objections to the regular selection of test 
pieces from the body of a casting are the expense incurred 
and the complications involved in deciding what particular 
physical properties should thereby be obtained. Such 
difficulties are there and do upset the idea of unification 
and standardisation so beloved by many of our technicians, 
The difficulties are, however, by no means insuperable 
although they are hardly capable of solution by a standard- 
ising body except in a generalised form. The adoption 
of such methods of testing, and the particular conditions 
relating thereto, must largely remain an arrangement 
between designer and preducer or buyer and seller. 

As illustrative of the deficiencies of the cast-on test bar 
method, the writer will quote merely one example, striking 
perhaps, but by no means unusual, and strictly indicative 
of the variations which may occur. The various figures 
in Table I are those obtained from circular ring castings 
made in phosphor bronze. Of the four castings, three 
were made in dry sand moulds under straightforward 
everyday foundry conditions, and the last one cast centri- 
fugally in a rotating metal mould. This is merely included 
to demonstrate the physica] properties of which the alloy 
is capable. Each of the three rings had duplicate test 
bars of standard shape and dimensions attached. The 
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averaged results of these are given with average results 
of two test bars cut out of the body of the castings to 
which these were attached. 

The very appreciable difference observable should 
constitute sufficient proof that if we are to advance our 
knowledge, improve our foundry practice and secure a 
uniformity of high grade product, testing either for com- 
mercial or research purposes by means of the cast-on or 
loose test bar will suffice only in a minority of cases, 

Any user employing or any producer making castings 
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will learn a great dea] more about the casting—its limita- 
tions, it possibilities, the source and situation of its weak- 
nesses, the effect of variations in mass, design and moulding 
practice only by the regular examination of the physical 
properties of pieces cut out of actual castings. The 
acceptance of the advocacy of the separate test bar will 
only stultify his mind and induce a complacency the 
awakening from which may or may not come when his 
practice has so far fallen behind that of his rivals as to 
render his release from somnolence of little moment. 


Tests on Galvanized Wire and Wire 
Products 


for some time actively engaged in developing plans 

for a systematic study of the outdoor atmospheric 
corrosion of galvanized wire and wire products. Farm 
fencing, barbed wire, chain link fencing, telephone and 
telegraph line wire, tie wires and strand (cable) are typical 
of wire products included in these proposed tests. The 
tests are being planned and will be carried out by Committee 
A~-5 on Corrosion of Lron and Steel under the direction of a 
special Wire Test Committee, carefully selected to bring to 
the work a thorough knowledge of the manufacture, sale 
and the proper use of these fence products. Because of 
the widely different uses to which these products are put, 
the present discussion is confined almost entirely to the 
portion of the programme dealing with farm fencing and 
barbed wire. 

The work has two major objectives : (1) to obtain useful 
engineering information concerning materials generally 
used for fencing or which offer promise of economic suita- 
bility for use in fencing in the near future ; (2) to assist in 
setting up national standard specifications for fencing and 
barbed wire, which will afford consumers an adequate 
guide in purchasing these materials. Under (1) above, it 
is planned to study those factors of major importance in 
determining the economic suitability of various types of 
fencing for particular farming areas. 

Briefly, the general test programme is as follows : 
Samples of typical fence fabrics and the wires from which 
they are made are to be supplied by representative manu- 
facturers co-operating in these tests. With these samples, 
each supplier will submit their early history, chemical 
composition and physical constants of the base metals 
and coatings, photomicrographs showing the metallic 
structure of the product and the nature of the bond between 
the base metal and its coating. When all samples have 
been concentrated at a central testing laboratory, their 
commercial identity will be completely removed by a dis- 
interested director of tests. Before being accepted for 
test, however, all selected materials will be carefully checked 
at the test laboratory to insure that their chemical and 
physical properties are as intended by the supplier. When 
next these materials become available to the Wire Test 
Committee for actual erection at the test sites, they will 
bear only serial number designations classified as to the 
type of base metal, wire size, type and weight of coating, 
etc. They will then be shipped to the several test sites 
and mounted on their proper racks. 

Four types of fencing are to be tested as follows : 

Gauge of Gauge of 
Top and Bottom Intermediate Line 


Te American Society for Testing Materials has been 


Type. Line Wire. and Stay Wires, 
1 9 9 
2 9 es 11 
3 10 12} 
4 1 14} 


Norte.-—-All samples are to be of standard hinged joint type fence 
39 inches high with 6-inch stay. 


On these types of fencing, various weights of zinc coating 
will be applied by a variety of coating processes. The 
weight of coating classes will range from 0-2 oz. to 1-8 oz. 
per square foot of uncoated wire surface. Coatings still 
heavier than 1-8 oz. will be tested if such samples are 
available when the tests are begun. Four types of stainless 
steel fencing will also be tested and, if available, copper 
coated and lead coated fencing. Bare (uncoated) wires 
will, in all cases, be exposed as control samples at each 
test location. 

Barbed wire samples will, in all cases, be made from 
12} gauge-line wire, with 14 gauge-4 point barb-hog wire. 
Again a wide range of zine coatings will be tested, and in 
addition barbed wire carrying aluminum barbs. 

The fabricated products, such as fence, will be erected 
in the usual way at the selected test sites and left un- 
disturbed for observation as to general behaviour, appear- 
ance, first signs of rusting, rate of spread of rusting, decrease 
in cross section of wire, etc. The unfabricated wire speci- 
mens are to be specially mounted in small racks to facilitate 
shipment to a central testing laboratory for physical 
examination at predetermined intervals. Here, their 
tensile strength and elongation will be followed as weather- 
ing proceeds, and the nature of the corrosion attack noted. 
Since these tests destroy the samples, several samples of 
each type of wire will be exposed at each location, one 
rack being shipped in at each testing period, the others 
remaining for later examination. 

It is recognised that certain factors which markedly 
affect the service life of fencing, such as mechanical damage 
and ruggedness of construction of the fence on the farm, 
will not be studied in the tests now planned. Estimated 
conservatively, however, the test data available upon 
completion of the programme will go far toward enabling 
the former or his technical advisors to make a proper 
comparison of the performance of fences which differ as 
regards base metal, wire gauge, type and weight of coating, 
and to decide which type will meet his particular needs 
most economically. 

The Wire Test Committee has recognised that fence 
fabric or wire products commercially available on the open 
market would not be a suitable source of supply from which 
to draw its test samples. The test programme is focussed 
entirely on the comparative evaluation of types of fencing — 
various base metals, different types of metallic protective 
coatings for steel wire, a wide range of weights of coating, 
various gauges of wire. To properly evaluate each of these 
variables, it will be necessary that all line and stay wires 
of the same gauge and weight of coating of each class of 
fence be made from the same bundle of wire ; further, 
that every wire in a sample of fence, whether stay or line 
wire, carry the weight of coating designated in each class. 

As the tests progress to a point where accurate engineer- 
ing information regarding the durability of fencing becomes 
available, such information will be released promptly 
through the American Society for Testing Materials. 
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Research into Cast and Malleable Cast-lron 


The importance of research to the development of industry is not always 


appreciated, yet it provides the key to progress. 
have sufficed to establish the degree of progress that now exists. 


No hit-or-miss method would 
In the 


cast-iron field much valuable work has been done by this energetic Association 
and this article describes how makers and users of iron castings can help 
to increase its value. 


has nearly trebled the subscription income which it 

receives from the industry, mainly, of course, by 
extension of membership. The balance of its income is 
received in the form of a grant from H.M, Government, 
During the early years this grant was at the rate of £1 per 
£1 on industrial subscription income, reaching a maximum 
figure of nearly £5,000 in 1931. During the following 
three years the grant was reduced to £3,000, but by 1934 
the resulting drop in income had been more than made 
good from industrial sources, the total income for that 
year being the highest on record. 


S INCE 1924 the British Cast Iron Research Association 


Government Offer. 


For the current financial year, H.M. Government: 
through the Department of Scientific and Industrial 
Research, has made a generous offer to increase the grant 
by £2,000 provided that additional subscription income 
to the extent of £1,000 is forthcoming from the industry. 
In order that full benefit may be obtained from this pro- 
posal, the Council of the Association seeks the co-operation 
and support of all foundries eligible for membership. If the 
necessary condition can be met, the total income for the 
current year will reach £13,000. The Government offer 
goes further, and the grant will be increased beyond the 
figure mentioned, at the rate of £1 for £1, up to a limit of 
£3,500, on all subscriptions received over and above the 
required initial sum of £1,000. The Council aims to take 
the fullest advantage of this offer within a period of five 
years, so that by 1939 the Association’s income will reach 
£20,000, consisting of £10,500 from industry, £8,500 from 
grant, and £1,000 from miscellaneous non-grant-earning 
income. It will be noted that while the grant fell from the 
original £1 per £1 to 10s. per £1, if the fullest advantage 
is taken of the new proposals it will reach about 16s. per £1. 


Constitution. 

We recapitulate some features of the Association’s 
constitution and work. It is an entirely self-governing 
body of national status. The Council is elected by members 
at the annual meeting, and operates principally through 
three main committees —the Research, Publications, and 
Education Committees. There are eight Research Sub- 
Committees supervising definite sections of the field 
covered —pig iron, grey cast iron, alloyed cast iron, malleable 
cast iron, sands and refractories, white and chilled iron, 
melting practice and tests and specifications. Over two 
hundred representatives of members act on these various 
committees, and about fifty meetings are held in the course 
of the year. The Association maintains close contact with 
various Government departments, scientific and technical 
institutions, and research and trade associations, both at 
home and abroad. It does not engage in any form of com- 
mercial activity, and has no interest to serve but that of its 
members and of the industry as a whole. The headquarters 
of the Association, offices and laboratories, are located at 
Birmingham, and the Scottish laboratory is maintained at 
Falkirk. The total staff of the Association is about thirty. 


Membership. 

Membership is in three grades. By far the largest pro- 
portion of industrial income is derived from ordinary 
members, comprising manufacturing firms operating fur- 
naces for making pig and refined pig iron, and foundries for 


the production of castings in grey iron, white iron, chilled 
iron, malleable iron and steel. The schedule of subscriptions 
is as follows :-— 


Per Annum, 
Blast furnaces and refined iron plants ........ccececeeeeeeeeeeeees 25 guineas. 
Foundries (grey iron, white iron, chilled iron, malleable iron or steel):— 


Employing under 50 on the weekly pay roll ............0005 15g 
over GOO and wader FEO... 75 


The qualifying employment figure includes all on the 
foundry weekly pay roll, both skilled and unskilled labour, 
other than clerks, engineering machinists, and pattern- 
makers. These subscriptions, by arrangement with the 
Commissioners of Inland Revenue, are treated as business 
expenses for income-tax purposes. With one or two 
isolated exceptions the subscription is inclusive, and no 
charge is made to members for services rendered. 

The Council welcomes the co-operation of users of cast 
iron—that is, of engineering and other firms who purchase 
cast iron,—and also makers of all forms of equipment and 
supplies for the industry. For these a special grade of 
membership is provided with a subscription of five guineas 
per annum. Members in this class do not receive research 
reports, which are intended for and are confidential to manu- 
facturers. Individuals may also, as associate members, 
receive the quarterly Bulletin and library service at a 
subscription of one guinea per annum. 


Activities. 


The Association is organised in three main departments— 
the Research Department, Development Department, and 
Library and Information Bureau. The last-mentioned is 
intended to furnish members with any information they 
may require on any aspect of the industry, and its resources 
include probably the most comprehensive collection of 
information in the world relating to the foundry industry, 
classified and arranged on modern lines, under the care 
of a properly trained assistant. The material is lent to 
members, and can be borrowed without formality or charge. 
Additions are notified in the quarterly Bulletin, which 
contains not only technical articles and news of the Associa- 
tion, but also abstracts of outstanding developments in 
current foundry literature from all parts of the world. 
Translations of important foreign papers are prepared for 
the use of members. 

The Development Department is charged with the task 
of assisting members to apply to practice discoveries made 
in the laboratories and of dealing with practical inquiries 
from members on any foundry matter in which they are 
interested. The latter are dealt with at the present time 
at the rate of about four per working day, and cover a very 
wide field, including raw materials, mixtures, melting 
practice, sands, refractories, design of castings, after- 
treatment, defects and failures, etc. The responsible 
members of the staff work on secrecy agreements, and 
information received from members and reports furnished 
are treated as strictly confidential, and are not disclosed 
even to the Council. Tests involved in such inquiries, in the 
chemical, microscopic, and mechanical testing laboratories, 
are carried out without charge. Arrangements are made 
for visits to members’ works in connection with such 
inquiries when necessary. 

The research programme is formulated by the Research 
Committee, and covers a wide range of problems of imme- 
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cast iron, moulding sands, refractories, cupola melting. ‘The 
extension scheme is enabling the Council to provide for 
investigations on alloyed cast irons, on shrinkage and 
contraction, and on bonding clivs for natural and synthetic 
sands, Research reports are circulated or made aveilable 
to members as and when complete. The Association is 
empowered, under its Articles, to undertake special investi- 
gations for members at cost. Visits from members are 
welcomed at any time, and arrangements can be made 
for representatives of members to study in the laboratories 
for chemical analysis, microscopic examiration, mechanice| 
testing, sands and refractories investigation, and metal- 
lurgical research, for short or long pcriods. 
members are held periodically to discuss matters of special 
interest, 
Invitation to Non-Members. 

While the existing members of the Association probably 
comprise a majority of the capital involved end labour 
employed in the industry, there remains a lerge number of 
foundries which have not vet joined, and the Council 
feels that a wider knowledge of the work of the Association 
will justify these foundries in the necessary expenditure. 
For the comparatively small sums shown in the above 
table, these firms can ensure for thems-lves bencfits of an 
expenditure of about £12,000 per annum. Since British 
industries are now protected by tariffs, HM. Government 
regards it as imperative that they do everything possible 
to equip themselves technically to meet the demands of 
consumers. Membership of a research association is 
regarded as evidence of such a desire on the part of incividval 
manufacturers, 

The only limitation with respect to membership is that 
the foundry concerned must be British —that is, over balf 
the capital and or directorate must be British. Foundries 
excluded by this provision may be elected to full member- 
ship with the consent of the Board of Trade and provided 
British labour is employed, this consent is not unduly 
withheld. British foundries overseas are also eligible for 
membership, and the Association has members in Austr tlia, 
New Zealand, India, and South Africa. ‘The rapid develop- 
ment of the airmail has overcome the principal handicap 
to members overseas—that of the time lag in’ com- 
munication 

In practice, no difficulty has been found in ensuring the 
co-operation of members on a technical and scientific 
basis. It is estimated that in the aggregate members are 
obt ining each vear economies which offset the subscription 
several times over, and the adoption throughout the 
industry of the results of the Association's work will effect 
savings of the order of a quarter of a million sterling per 
annum, 

Inquiries to the Association, at 21, St. Paul's Square, 
Birmingham 3, will be welcomed, and the Director will be 
prepared to visit personally foundries interested in’ and 
desirous of considering merabership. 


There is a **HARDENITE”? case-hardening 
compound suitable for any  case-hardening 
operation, whether it be acuestion of uniformity, 
quick penetration, repetition, absence of freckle, or 
rapid case-hardening ir the hearth. 
“Hardenite” compounds are made solely by 


The 


AMALGAMS Co., Led. 
184, Attercliffe Rd., SHEFFIELD. 


METALLURGIA 


diate concern to the industry, such as the metallurgy of 


Meetings of 


APRIL, 1935. 


Metal Industries Exhibition in Japan. 
Aw exhibition embracing ferrous and non-ferrous materials 
end products has been organised, under the joint auspices 
of Agne and the Nikkan Kogyo Shinbun-sha, to be held in 
the Commercial Museum, in Osaka, Japan. It will be 
officially opened on May 10, and will continue open each 
day until May 31. The exhibits will include a wide variety 
of raw materials, semi-finished, finished products, and 
machines and tools for the metal industries, and all nations 
have been invited to participate. 

The exhibition has been promoted by the Osaka-shi, 
Osaka-fu, the War Department, the Naval Lepartment, and 
the Department of Commerce and Industry. The Com- 
mittee is fullly representative of the University of Tokyo, 
the Institutes and Societies associated with the metal 
industries, and civil, commercial, and industrial organi- 
sations. 


Import Duty on Copper Tubes Increased. 


Under an additional Import Duties Order issued by the 
Treasury recently, the Customs duty on tubes of all sections 
manufactured wholly of copper or of alloys containing more 
than 50°, by weight of copper, will be raised from 10°, to 
20°,, as from to-morrow. 

The Import Duties Advisory Committee state that there has 
been a marked increase in the imports of such tubes since 
1933, and thav a large proportion of the imports consists of 
copper water service tubes for buildings, which are being 
offered for sale at prices against which British manufacturers 
find it impossible to compete. Having regard to the capacity 
in this country for the production of tubes of this type, the 
Committee consider it is in the national interest to extend 
the use of British tubes as much as possible. For the ordinary 
small house any increase in cost which might result from the 
use of British tubes should not, they say, exceed a few shillings. 


Tees Shipments of Iron and Steel. 


Statistics relating to imports shipped to the river Tees 
reveal an appreciable increase in the tonnage of semi-finished 
steel heing purchased from abroad. The returns also show that 
apparently there is increasing activity in securing export 
business in iron and steel from this port. Last month, 47,894 
tons of iron and steel were shipped from the river, compared 
with 46,264 tons in February and 45,711 tons in March last 
year, while coastwise shipments at 25,200 tons show an 
advance of approximately 4.000 tons over the previous month. 
Exports at 22,694 tons are about 2,000 tons down on February. 
The improvement is almost entirely confined to pig-iron, 
shipments in March amounting to 14,357 tons, against 10,600 
tons. 

Scotland last month took 7,659 tons, an increase of 1,500 
tons, while South Wales with 2,200 tons accepted the first 
deliveries from this district since December. Manufactured 
iron at 2,382 tons showed little variation compared with 
February. Both coastwise and export steel clearances are 
down, the former falling from 13,045 tons in February to 
12,241 tons, and export shipments from 20,443 tons to 18,914 
tons. 

The best customers for pig-iron were Sweden, which 
accepted 850 tons, Italy 700 tons, and the Union of South 
Africa with 520 tons. The principal manufactured steel 
shipments last month were India 4,390 tons, the Union of 
South Africa 2,711 tons, Sweden 1,818 tons, Straits Settlements, 
1.714 tons, Argentina 1,635 tons, and Russia 1,483 tons. 

Imports of pig-iron, semi-finished steel and manufactured 
steel during March amounted to 4,550 tons, compared with 
2.629 tons in February, and 3,659 tons in March last year. 
Imports of pig iron remain negligible, last month only 167 
tons being delivered at Tees ports. Similarly, there is virtually 
no change in the rate of imports of plates, bars, angles, rails 
and joists, last month’s discharges being 358 tons, against 
485 tons in February and 557 tons in March last year. 

It is in crude sheet bars, billets, blooms and slabs that import 
has risen substantially. Last month 4,025 tons of semi- 
finished materials were imported compared with 1,995 tons in 
February and 2,696 tons in March last year. It is anticipated 
that the inereased duties on imported steel now operative 
will check this increase, but the devaluation of the belga 
makes the situation somewhat obscure. 
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Some Recent Inventions 


The date given at the end of an abridgement is the date of the 
acceptance of the complete Specification. Copies of Specifications 
miy be obtained at the Patent Office, Sale Branch, 25, Southampton 
Buildings, London, W.C.2, at 1/- each. 


Refining, Metals. 


METALS such as iron, steel, nickel, copper, lead, and tin are 
refined by treating the molten metal with an alloy of 
aluminium with one or more of the meta!s calcium, barium, 
and strontium, for example, one containing 20° of calcium, 
and removing the layer of impurities which is formed. The 
aluminium alloy may contain also as further constituents a 
metal capable of combining with some of the impurities, or 
some of the same metal as that to be refined. Copper may 
be treated with a calcium-cadmium alloy in addition to the 
aluminium alloy, and lead may be treated with a calcium- 
aluminium lead alloy. The aluminium alloy may be left in 
contact with the metal to be refined for only sufficient 
time to take up the impurities to be removed. 

416,789. G. N. Kirsezom, Munthes Gate, Oslo, Norway, 

and CatLoy, Lrp., 95, Gresham Street, London. 


Casting Plant. 

In a recent development the cooling of metal castings is 
effected in a number of consecutive stages by moving them 
from one to another of a series of spaced supporting nests, 
the temperature of which may be varied as desired, so that 
each casting is submitted to treatment in each nest. As 
shown in the accompanying illustration, cast-pipe on a 
gantry 48 is engaged by one pair of a series of hooks 41, 
by operating a hand lever, and cooling blocks 24, 25 are 
separated by an electric motor and rope gearing. The 
gantry is pivoted to the lower block, so that the pipe as well 
as those in the cooling recesses 37 are held suspended by the 
hooks. The blocks are then moved, by the distance between 
adjacent recesses 37, to the right by means of hydraulic 
cylinders, and then closed. The hooks are then withdrawn, 
thus releasing a cooled pipe on a gantry 49, and the blocks 
are moved to the left ready for another operation. The 
blocks may be water jacketted in series or parallel and 
some of the recesses 37 may be heated by hot air. The 
recesses may be lined with asbestos and adapted to receive 
liners of various sizes for treating smaller pipes. Instead 
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used in place of the hooks 41. The machine is adapted to 
be altered, so that pipes of different length can be treated, 
In a modification, the bottom block 25 is: fixed while the 
uppcr block 24 can be moved up to release the pipes, and 
carries a truck supporting the hooks 41, which are moved 
inwardly by fixed cams as they rise. The truck is then 
moved to the left to advance the pipes, supported by the 
hooks, from one recess to the next, ete. The block 24 is 
then lowered and the truck returned to the right. 
415,180. New Brancerera Co., Lrp. (for- 
merly Cochrane and Co., Ltd.) and I. WitttaMs, both 
of Middl>sbrough. 


Crucible Furnaces. 


In a crucible furnace of 
the kind in which the 
crucible 1 is spaced from 
2 and surrounded by a 
6 refractory wall 5 which 
guides the hot gases from 
a burner 10 over the 
* surface of the crucible to 
an outlet flue 8, the 
burner tube carrying the 
nozzles 10 is disposed 
above the flue 8 and is 
formed of four segmental 
sections 1], Fig. 3, to 
facilitate assembly and 
removal. Secondary air 
heating-channels 14, 15, 
having dampcr-controlled 
admission ports 25, 26,are 
disposed in the refractory 
base 17 of the furnace, 
and supply the heated air 
through branch flues 14! 
to the space 16? immedi- 
ately below the burner 
nozzles 10. Separate 
ports 27 are provided 
for lighting each section 
11 of the burner. The 
crucible | is supported by 
the engagement of a rim 3 over a ledge 29 formed on 
the cast-iron cover-plate 20. 

413,777. Gas, Licut anp Coxe Co., W. Drerericus, 
T. A. Brooxsank, Horseferry Road, 
Westminster, and T. R. Kipp, Ewell 

Road, Surbiton, Surrey. 


Gasfired Crucible Furnace 


Case-hardening Steels. 


A WEAR-RESISTING surface pro- 
duced in articles, etc., of soft carbon 
steels containing 0-6—0-8% of man- 
ganese, and a toughened interior by 
carburising the surface until it attains 
the entectoid composition corres- 
ponding to the manganese content, 


New Metal 
Casting Plant 


of, or in addition to, passing fluid around the recesses 37, 
cold air may be passed through the pipes by means of 


perforated stoppers, Fig. 27, inserted by mechanism N, 
or the pipes may be merely stoppered to prevent the 
passage of air through them. The stoppers may also be 


annealing for 10-—20 mins. at 10— 
30° C. above the AC®* point of the 
initial material, and then cooling pre- 
ferably in still air. The manganese 
content may be replaced partly by 
one or more of the metals, chromium, tungsten, molyb- 
denum, or vanadium, the manganese content then being 
0-5—0-7%, and the total content of the other metals 
about 0-5°%. ‘Lhe initial material may contain 0-35—8-0% 
of silicon, or up to 3 of nickel or 1-5 of copper. 


416,420. VEREINIGTE STAHLWERKE AKT.-GEs., Breite- 
strasse, Diisseldorf, Germany. 
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The Vapocarb Hump Furnace. 
During recent years considerable progress has been made 
in controlling the heating, cooling, and handling parts 
required to be heat-treated, and more recently attention 
has been given to the furnace atmosphere, the object being 
to control each operation and leave as little as possible 
to the human clement. A recent development of this 
character is the “ Vapocarb ” atmosphere control applied 
to the Hump method of hardening, referred to in the 
March issue, but from which an illustration was inad- 
vertently omitted. By the application of this development, 
known as the Vapocarb Hump method, complete control 
of the three vital factors on which correct hardening depends 
is assured—first, the rate of heating: then the cooling 
or quenching point ; and, finally, the furnace atmosphere. 


Vapocarb Hump Installation, including cracking unit, hardening 
furnace and automatic control equipment, 


The atmosphere control provided by this method protects 
the surfaces of parts treated, and renders protective pack 
hardening and protective coating of tool steels no longer 
necessary. In the furnace it protects the carbon in the 
surface of the steel, and gives maximum efficiency from the 
quench, because the parts coming from the furnace are 
clean. This method is clain ed to ensure maximum grain 
refinement for a given depth of hardness. It is only 
necessary to clean off the quench stain and the surface is as 
smooth as when it entered the furnace. 

In order to effect this improvement, a small cracking 
unit for creating a reducing atmosphere in the hardening 
chamber, forms part of the equipment. Into this cracking 
unit a spevial fluid drops from a container suspended above 
it. A connecting pipe conveys the cracked gas to the 
working chamber, and the burning stream of exhaust gas 
is visible at the port in the lid, when the equipment is in 
operation. The fluid drops at a controlled rate, usually 
1 to 3 drops per second, into the cracking unit, which is 
automatically maintained at a constant temperature 
between 1,450° and 1,500° F., where it gasifies and cracks. 
The gas then passes through the connecting pipe and enters 
the gas-tight retort of the Hump furnace, where it replaces 
the air. This gives a slightly carburising atmosphere 
which naturally cannot act as a carburiser at normal 
hardening temperatures with normal tool steels, but which 
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gives positive protection to the carbon in the surface of the 
steel. Both the furnace and the cracking unit are electrically 
heated, while the automatic temperature-difference con- 
troller and the recording controller are electrically operated. 
The complete equipment, which is shown in the accom- 
panying illustration, has been developed by Leeds and 
Northrup Co., and is now manufactured in Great Britain 
by the Integra Co., Ltd., 183, Broad Street, Birmingham. 


Iron and Steel Institute. 
Symposium on Welding Iron and Steel. 


Tue Council of the Lron and Steel Institute, with the co- 
operation of other Societies end Technical Institutes, has 
arranged to hold a symposium on the welding of iron and 
steel on May 2 and 3, in conjunction with the Institute's 
annual meeting, which will commence on May 1. This 
symposium has been arranged at the suggestion of the 
Department of Scientific and Industrial Research, because 
it is realised that welding has become a matter of national 
importance, and every effort should be given to foster the 
art, to encourage worthy schemes of research, and, as far 
as possible, to avoid overlapping of research effort. 

‘Lhe general objects of the symposium will be : To review 
the position of welding in all its industrial aspects, both in 
Great Britain and other countries: to obtain knowledge 
of the problems encountered in welding as employed by 
the various industries in Great Britain and in other 
countries ; to reveal what research work has been or is 
being undertaken and arising out of the above; and to 
consider the advisability of taking steps to co-ordinate 
research work and to stimulate and guide future research, 
possibly with a view to formulating a national scheme. 

In the scheme of organisation the subject is being 
considered under five groups, comprising: Present-day 
practice and problems of welding in the engineering 
industries ; welding practice and technique: the metal- 
lurgy of welding; specification, inspection, testing, and 
safety aspects of welding: and current research projects 
in welding. ‘These are again sub-divided, and papers will 
be presented on various aspects of each group. In addition 
to papers from authors in Great Britain, it is expected that 
contributions will be presented from several other countries. 

The symposium will be held in the Lecture Theatre of the 
Institution of Civil Engineers, Great George Street, 
Westminster, S.W. 1. 


International Congress of 
Mines, Metallurgy, and Applied Geology. 


THE seventh session of the International Congress of 
Mines, Metallurgy, and Applied Geology will be held in 
Paris on October 20-26, 1935, and as at former sessions 
it will be divided into three sections, embracing mines, 
metaliurgy, and practical geology. In addition to technical 
sessions, the programme will include receptions, excursions 
to many places of interest, and also visits to important 
works. The organisation of this meeting is sponsored by 
the Society of Mineral Industry, the Central Collieries 
Association of France, the lronworks Association of France, 
the Geological Society, and the Revue de Metallurgie. The 
President of France has consented to be the patron, and the 
Prime Minister has given the help of the French Government. 

It is noteworthy that the French Foundry Association 
will not hold a separate annual congress this year, but will 
be identified with the International Congress under the 
section dealing with metallurgy. It has been decided to 
institute a sub-section under “ Foundry.” This sub- 
section will be organised by the Foundry Technical Associa- 
tion of France, but although it will take the place of the 
French annual foundry congress, it should be remembered 
that the International Foundry Congress will be held in 
Brussels during the second fortnight in September next, 
under the auspices of the Belgian Foundry Technical 
Association, 
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Recent Developments in Tools 
and Equipment 


Temperature Measuring Instruments. 


HE automatic control of high-temperature processes 

| now covers a wide and rapidly growing field, and 
the services which it can and does perform in the 

way of improved product and bigger out put are so important 
that no excuse is needed for drawing attention to some 
recent developments to details of the installation which 
were unavoidably omitted from the last issue. In that 
issue we had occasion to refer to an illuminated moving 
scale indicator, in which a transparent scale is mounted on 


MINATED INDICATOR 


Fig. 1. Illuminated moving scale indicator. 


the moving coil of the galvanometer and a magnified image 
of a small portion of it is optically projected on to a trans- 
lucent screen carrying a fixed pointer. This new instrument, 
shown in Fig. 1, is particularly valuable for use when the 
indicator is to be mounted in a badly lighted position, or 
where it is desired to read the temperature from a con- 
siderable distance. Another new indicator is a small 
inexpensive instrument (Fig. 2) for use with base metal 
thermocouples, where the temperatures do not exceed 
1,200° C., and the maximum sensitivity is not required. 

It is frequently desirable to be able to read the tempera- 
ture of each furnace of an installation comprising many 
furnaces at one central position. For this purpose a 
multipoint indicator is employed, one of the latest of this 
type being shown in Fig. 3 ; it is available for any number 
of points from 6 to 48. 

It is increasingly becoming a standard practice to depend 
upon autcmatic controllers for regulating the temperature 
of heat-treatment furnaces, and there have been several 
developments in controllers available for this purpose. 
Fig. 4 shows a new indicating controller, capable of directly 
making or breaking an electric circuit up to 30 amperes at 
250 volts. It is fitted with two pointers, one indicating 
the actual temperature at any moment, while the other, 
which is adjustable along the scale, determines the point 
of control. Any deviation of the indicating pointer from 
this position operates a mercury switch. The long scale 
permits of accurate setting, and the special mechanism 
gives knife-edge control. Where desired, coloured lights or 
electric alarms can be incorporated. The controller is 
motor-driven from either A.C. or D.C. supply. The 
accuracy of control is within 0.1°/ of the full scale reading. 
The instrument can be used for temperatures up to 
1,700° C. 

A valuable controller for large furnaces or for some 
processes requiring varied heat-treatment is a potentio- 
metric controller, combined with an automatic three- 
position switch to control three furnaces or sections of one 
furnace at three different temperatures within the range of 
the instrument. An instrument of this type is manufactured 


Small indicator, 


by Cambridge Instrument Co., in which the switch is 
motor-driven and makes a complete cycle of three zones 
every 21 sees. The controller is suitable for operating 
directly on circuits up to 6 amperes at 250 volts, and the 
accuracy of control is within 0.1°, of the full-scale reading. 

Some furnace and heat-treatment temperatures exceed 
the maximum for which thermo-electric pyrometers can be 
onomically used, while in other processes thermocouples 


ec 
For such purposes 


cannot be conveniently employed. 


radiation or optical pyrometers are utilised. An interesting 


Fig. 3. 
Multipoint 
indicator. 


Fig. 4. 
Indicating 
controller, 

application is the use of Féry pyrometers for indicating 

and recording the temperature of steel ingots in connection 
with the rolling process, On its way through the rollers, 
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each ingot is brought opposite a Féry telescope for a few 
seconds, and its temperature is registered on a special form 


of recorder which incorporates a timing cam and a signal 
mechanism. By this means, the operator is enabled to 
ensure that each ingot is being treated at the correct 
temperature, while the chart at the end of the day gives a 


Fig. 5. 
Optical Pyrometer 
for molten steel 
fem peratures, 


permanent record of the temperature of each ingot, the 
time at which it was dealt with, and the total number of 
ingots treated. Feéry pyrometers are employed for measur- 
ing the temperatures on Siemens open-hearth steel furnaces, 
in soaking pits, billet-heating furnaces, and for indicating 
and recording temperatures in high-speed steel furnaces. 

A modified form of the Cambridge disappearing filament 
pyrometer has been developed for measuring the tempera- 
tures of molten steel. This instrument, shown in Fig, 5, 
has an increased magnification which facilitates accurate 
observations. It is fitted with a metal shieid with red glass 
window, to protect the eve of the observer which is not 
being used from the glare of the furnace, and various other 
improvements have been incorporated which render the 
instrument exceptionally well fitted for its purpose. 


Unit Automatic Gas Machine. 
DesIGNED as a result of six years’ intensive experimental 
and research work by the Incandescent Heat Co., Ltd., a 
recently developed automatic gas machine combines the 
economic advantages and high potential heating value of 
solid fuels with the advantages of complete automatic 
operation. This machine has been designed to produce 
from cheap low-priced coal or coke, a high quality furnace 
gas suitable for all industrial purposes. It is constructed as 
a complete unit, is fitted with all necessary auxiliaries, and 
may be applied to any type of furnace without alteration. 

Fuel is charged into a hopper and mechanically conveyed 
by an overfeed system to the fuel bed by means of a heavy 
type spiral screw fitted with indexed automatic variable 
speed control, The grate is o° the inclined suspended 
rocking type, the action of which ensures definite and 
positive agitation of the fuel bed at all capacities. The 
refractory lining of the fuel chamber is constructed within 
a water-cooled casing and maintained at a temperature 
which positively eliminates adhesion of the clinker and the 
necessity for manual attention, hand poking, ete. The 
mechanically operated plough is synchronised with the fuel 
feed, and is fitted with indexed ash pereentage control, 
so that the rate of ash discharge may be calibrated to suit 
fuels of varying ash content. The machine is fitted with 
electric motor, switch-gear, and blower, and is complete 
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with automatic control for supplying the necessary air 
volume for the gasification rate desired. The controls 
may be set as readily and with the same precision as the 
controls of gas or oil burners. The resultant gas or heat 
delivered from the machine is maintained with absolute 
constancy and uniformity for short or extended periods 
without further attention. 

The economic importance of a machine of this type will 
readily be appreciated, since it reduces running costs by 
supplying continuously and uniformly gas of high quality, 
ensuring uniform heating by eliminating excess gas during 
firing periods, and excess air during clinkering. Even 
greater savings are effected through maintenance of a 
perfect furnace atmosphere regulated to svit the work. 
Oxidation losses are greatly reduced and over-heating is 
eliminated, In many instances a labour saving equal to the 
total cost of fuel is effected, as, by the application of this 
machine, all manual labour in connection with heat 
generation is claimed to be saved, thus enabling furnace 
operators to concentrate the whole of their attention on 
loading and discharging operations. In addition to sub- 
stantial saving in cost of operation, a unit of this type will 
effect an improvement in quality of product, maintain 
easy and cool working conditions at all operating tempera- 
tures between 100° and 1 660° C., and convert the industrial 
furnace into a trouble-free machine independent of the 
vicissitudes of the weather, draught, and the ancient 
craftsmanship of firing and clinkering. 


Automatic gas machine unit applied to a 
heat-treatment furnace. 


In the accompanying illustration one application of this 
unit is shown, but it needs little imagination to realise that 
the machine can be applied to almost all types of industrial 
heating and melting furnaces. 


Soviet Pig Iron and Steel Output. 


The first quarter's output of Soviet pig iron amounted to 
2,860,000 tons (95°3°, of plan), of steel—-2,788,900 tons 
(99-6°, of plan) and of rolled steel—-1,950,400 (100°, of plan). 
As compared with the first quarter of last year, the output 
of iron increased 28-3°,, steel 32-8°,, and rolled steel 29-1°%. 
The average daily output of iron amounted to 29,000 tons 
in January, 32,500 tons in February, and 33,800 tons in March ; 
the corresponding figures for steel are 28,100 tons in January, 
31,500 tons in February, and 33,500 tons in March. For 
rolled steel, the average daily production amounted to 19,800 
tons in January, 22,100 tons in February, and 23,400 tons 
in March. 

The auto-tractor industry in the first quarter produced 
16,390 trucks, 4,359 passenger automobiles, L0,0LL Stalingrad 
tractors, 10,170 Kharkov tractors, and 4,475 Chelyabinsk 
tractors. These enterprises have fulfilled 103-7°4 of the plan 
of automobile production and 100-7° of tractor production. 
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Business Notes and News 
Contracts from New Zealand and India. 


Of four contracts for Clyde shipbuilding firms, recently 
announced, three are from overseas. The largest order is for 
a 250-ft. long cargo and passenger vessel to be built by Messrs. 
Harland and Wolff, Ltd., for Bombay Steam Navigation Co. 
The other orders comprise a motor vessel to be built by 
Messrs. Scott and Sons for the Canterbury Steam Shipping 
Co., New Zealand, and a tug to be built by Messrs. Lobnitz 
and Co., Ltd., for Auckland Harbour Board, New Zealand. 
Messrs. Simons and Co. are to build a new diving bell barge 
for Clyde Navigation Trust, at a cost of £14,825. It will be 
used for dredging in connection with the sailing of the liner 
Queen Mary. 


New Refractory Bricks and Cements. 


In his report at the recent annual general meeting of General 
Refractories, Ltd., Mr. Frank S. Russell, chairman and 
managing director, referred to the introduction of an entirely 
novel series of refractory bricks and cements made from 
materials which had been previously fused in the almost 
unbelievably intense heat cf the electric are—a heat far greater 
than any refractory material is called upon to withstand in 
actual service. Exceedingly encouraging results had already 
been secured, and it is possible that this new departure might 
have quite revolutionary results. The company have secured 
special rights with regard to these pre-fused refractories, and 
is continuing to pursue the subject enthusiastically. 

Another fresh development was the exploitation of a new 
and practically inexhaustible deposit of Diatomite (in which the 
company had secured exceptional rights, extending over a 
long period of years), a form of silica, very light in weight, 
which, by resisting the passage of heat through it, acted as an 
insulator to furnaces and other containers of heat—keeping 
out the cold and keeping in the heat so effectively that its 
use actually reduced fuel bills by 25°, to 33°. The insulating 
value of this particular deposit is very great, and is un- 
questionably far above the average. The company’s Amber- 
gate Works are being converted into a factory for the manu- 
facture of Diatomite insulating goods, and profitable results 
are expected, 


British Acheson Electrodes, Ltd. 


For many years the electro-metallurgical, electro-chemical 
and other industries of Great Britain have been dependent 
on other countries for supplies of graphite and graphite 


electrodes. As a result of a recent merger, these products 
will shortly be manufactured in Sheffield. Negotiations 
have been in progress for some time between Sheffield steel 
makers and the Acheson Graphite Corporation of New York, 
the principal suppliers of electrodes to the steel, chemical, 
and other trades, and a satisfactory arrangement has been 
made to manufacture in England. 

At the urgent request of the Government, during the war a 
number of Sheffield steel makers combined in the erection of 
special works for the manufacture of amorphous carbon 
electrodes for electric steel melting, under the name of the 
Electrode Co. (of Sheffield), Ltd. It is this company and the 
Acheson Graphite Corporation which have merged to form 
British Acheson Electrodes, Ltd., and the English repre- 
sentatives on the Board of Directors are ; Mr. C. W. Kayser, of 
Kayser, Ellison and Co., Ltd., Mr. A. J. Grant, of Thomas 
Firth and John Brown, Ltd., and Mr. A. Dunbar, of English 
Steel Corporation, Ltd. The company is capitalised at 
£150,000, all of which has been paid up. The chairman is 
Mr. C. W. Kayser, chairman of Kayser, Ellison and Co., Ltd., 
and previously chairman of the Electrode Company (of 
Sheffield), Ltd. The managing director is Mr. Arthur M. 
Williamson, who has been associated with Acheson interests 
for many years in America and Europe, Acheson engineers 
and manufacturing experts are already in Sheffield, and 
construction and equipment purchases will be commenced 
at an early date, with the expectation that by the end of the 
year definite production of graphite will be realised. The 
amorphous carbon business will also be continued, and altera- 
tions are being made in the equipment in line with the latest 
technique. Mr. P. M. Chetwynd Stapylton, formerly manager 
of the Electrode Company (of Sheffield), Ltd., will be in charge 
of the enlarged facilities at the Wincobank Works, Sheffield, 
and all of the former staff will be associated with the new 
enterprise, in collaboration with American experts in the 
supervision of the process, 


METALLURGIA 


171 


Orders for Generating Plant. 


The British Thomson-Houston Co., Ltd., Rugby, has 
received orders for large generating plant, as follows: From 
the County of London Electric Supply Co., Ltd., a 75,000 k.w. 
turbo-alternator for installation in their Barking “ B”’ power 
station, the consulting engineers being Messrs. Merz and 
McLellan. This is the third set ordered from the British 
Thomson-Houston Co. for the same power station. From the 
Lancashire Electric Power Co., a 50,000 k.w. turbo-alternator 
for installation in their Kearsley power station. The alternator 
for this machine will be wound for 33,000 volts. A 30,000 k.w. 
turbo-alternator for Messrs. Balfour, Beatty and Co., Ltd., 
for the Derby and Notts. Electric Power Co., Spondon power 
station. All these machines will be manufactured at Rugby, 


Restriction of Copper Production. 

The principal producers of copper outside the United States 
have been in conference in New York during recent weeks, 
considering the problems of the industry in connection with 
the production of metal from sources outside the United States 
and its sale in foreign markets. The conference dealt ex- 
clusively with the foreign situation, and did not consider 
production or sales within the United States, from which 
market the participants are excluded by reason of the existing 
excise tax of four cents per lb. of copper, and which market 
is covered by the Presidential order approving the copper code. 

Participating in the conference were representatives of 
foreign companies having an aggregate current production of 
approximately 750,000 tons of copper per annum, or more 
than 75%, of the total foreign primary production, exclusive 


-of Russia and Japan, which import copper from outside 


sources in addition to their respective productions. Complete 
accord was reached, and the agreement will be in force until 
July 1, 1938. 

A curtailment amounting to 240,000 tons of copper per 
annum from current production will be made effective by 
June 1. An organisation has been created to compile complete 
statistical information to the end that, while an adequate 
supply of copper will be provided at all times, the accumula- 
tion of excess stocks will be avoided. Co-operation in foreign 
markets of producers other than those who have actively 
participated in the conference has been assured. Uniform 
trade practices governing sales, deliveries and terms of pay- 
ment will be adopted. Each producer reserves freedom of 
action within the above limitations. There will be no pooling 
of sales or fixing of prices, but an effort will be made to ensure 
stable markets and avoid wide fluctuations in price. 


Steel Trade Research. 

The need for scientific and technical institutions as an 
adjunct to the iron, steel and engineering industries, and the 
importance of collaboration between engineers and metal- 
lurgists, were stressed by Dr. W. H. Hatfield, at the annual 
dinner of the Keighley Association of Engineers, recently. 
The iron and steel industry, he said, having obtained pro- 
tection, were able to extend ideas which had gradually grown 
almost in an indigenous manner. For instance, they had a 
Federation of Lron and Steel Manufacturers, in) which 
practically all firms in the industry joined for mutual help, 
but yet preserved individuality. 

One phase of the development was the growth of a Federa- 
tion Research Council, which dealt with all matters which 
could usefully be dealt with by collaboration. They were 
attempting to develop a system of mutual help within which 
they could preserve the independence of the company or 
individual. They were up against pronounced national 
developments abroad, and in countries, too, where the inborn 
independence and individuality associated with Englishmen 
did not exist. In some foreign countries, behind tariffs and 
with government help, large groups had been created, and the 
only way in which British manufacturers could answer them 
was to attempt to create some scheme that could reply 
adequately and yet, in a measure, preserve independence, 
Unless they had collaboration they simply cut one another's 
throats and depreciated selling prices. 

Stressing the need for more collaboration, Dr. Hatfield 
said he had a profound belief that in the engineering industry 
they were not making the best use of the materials available. 
He believed that in many directions, with a truly theoretical 
consideration of a lot of the different parts in their mechanism, 
and co-ordinating with that the best material available for 
the job, there was room for tremendous improvement. This 
pointed to very complete collaboration between engineers and 
metallurgists—-and that collaboration could not be too intimate. 
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GUN METAL. 


*Admiralty Gunmetal Ingots 
£54 
*Commercial Ingots .......... 40 


*Gunmetal Bars, Tank brand, 
lin. dia, and upwards..lb. 0 


LEAD. 

£12 

14 


MANUFACTURED IRON. 


Scotland 


Crown Bars, Best ......... £10 
N.E. Coast 

9 
Lancashire 

9 

Hoops saaeeced £10 10 0 to 12 
Midlands 

12 

Unmarked Bars ...... from 7 

Nut and Bolt 

£7 10 Oto 8 

S. Yorks 

Tioops £10 10 Oto 12 


PHOSPHOR BRONZE. 


0 0 
0 0 
0 9 
0 11 
0 0 
5 0 
10 
2 6 
5.0 
12 6 
0 0 
12 6 
0 0 
5 0 
0 0 
12 6 
15 O 
0 
9d. 
lid. 
l/l 


MARKET PRICES 


*Bars, Tank” brand, lin. dia. 
and upwards—Solid ........ Ib. 
r1O°,, Phos, Cop. £30 above B.S. 
115°, Phos. Cop, £35 above B.S. 
Phos. Tin (5°,) £30 above English Ingots. 


PIG IRON. 


Scotland 


Hematite M Nos, .......... £3 
3 
N.E. Coast 
Hematite No. 3 
3 
3 
Midlands 
N. Staffs Forge No. 4...... 3 
Foundry No. 3... 3 


Northants 


Pomme he. 3 
Der by 3 
a Foundry No. 1.... 3 
Foundry No. 3.... 3 

West ri ‘vast Hematite ........ 3 


SWEDISH CHARCOAL IRON 


AND STEEL. 


English ton @ 
approximately, 

Pig Iron Kr. 103 

Billets Kr. 240-290 £13 10 0-£16 

Wire Rods Kr. 280-320 £15 15 0-£17 

Rolled Bars (dead soft) 

Kr. 200-220 £10 

Rolled Charcoal Iron Bars 
Kr. 290 16 

English ton. f.o.b, 


Kr. per 


All per 


+ C. Clifford & Son, Ltd., 


19°40 to £1 


0 


12 
12 6-£11 11 


0 


0 
6 


0 


0 


Gothenburg. 


April 13. 
Buyers are advised to send inquiries for current prices. 


§ Prices ex warehouse, April 13. 
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‘SCRAP METAL. 


Copper Clean ...... 
Braziery ...... 22 

9 

Aluminium Cuttings ........ 66 

10 

Heavy Steel— 

2 
2 

Cast Tron 
2 
2 

Steel Turnings— 
1 
1 

Cast Iron Borings— 

1 
SPELTER. 

G.O.B. Official ........ 

£11 

14 

12 

13 

STEEL. 

Ship, Bridge, and Tank Plates 
North-East Coast .......... 8 

Boiler Plates (Land), Scotland... 8 
» (Land), N.E. Coast 8 

Angles, Scotland 8 
a North-East Coast ..... 8 

8 

8 

Heavy 8 

12 

Light Rails ...... £8 10 Oto 8 
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Siemens Acid Billets........ 


9 

£6 17 7 
Gand 7 
5 

9 


£6 12 


Hard Basic ... 
Medium Basic. . 


eer £9 10 O to 
Manchester 

ee £9 0 Oto 10 
Scotland, Sheets 24 B.G....... 10 


HIGH SPEED TOOL STEEL. 


Finished Bars 14°, Tungsten .. Ib. 


Finished Bars 18°, 
extras 
Round and Squares, Jin, to Jin. ,, 


Tungsten .. ,, 
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is the first 
consideration 
in a hydraulic 
casting 


The illustration shows a jigger 

- cylinder for a hydraulic hoist 
under a test pressure of 2,500 
Ib. per square inch. 


There was no sign of pin-holes 
or weeping. The weight of the 
casling is 3} tons and its 
working pressure will be 750 
Ib. per square inch. 


The Hydraulic Engineering Co. 
Ltd. of Chester have used the 
Sodium Carbonate Process in 
its production. 


Write for full details to:— 


IMPERIAL CHEMICAL INDUSTRIES LIMITED 
Room  165x, IMPERIAL CHEMICAL HOU LONDON, S§.W.1 


C.N.310 


FILE THIS IN YOUR CABINET 
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Imperial Chemical Industries, Ltd., Imperial Chemical House, 
London, S.W. 1. 


Alloying Elements. 
Hi.h Speed Steel Alloys Ltd., Widnes, Lancashire. 


Alloy Pig Irons 
Bradley and Foster, Ltd., Darlaston Blast Furnaces, Darlaston, 
Stafis. 
Barrow Hematite Steel Co., Ltd., Barrow-in-Furness. 


Aluminium 
Aluminium Union, Ltd., Bush House, London, W.C.2. 
High Duty Alloys, Ltd., Trading Estate, Slough. 
Northern Aluminium Co., Ltd., Bush House, London, W.C.2. 


Billets 
Barrow Hawmatite Steel Co.. Ltd., Barrow-in-Furness. 


Boilers 
Foster, Joseph, and Sons, Ltd., Soho Foundry, Preston. 


Brass and Bronze 
Clifford, Chas and Son, Ltd., Birmingham 
MecKechnie Bros., Ltd., Rotton Park St., Birmingham. 
Manganese Bronze and Brass Co., Ltd., Caxton House, West- 
minster, London, 8.W. 1. 


Bronze Castings 
Manganese Bronze and Brass Co., Ltd., Caxton House, West 
minster, London, S.W. 1, 


Bi- Metals 
Wilkinson, William, Shustoke, Warwickshire. 


Burners (Oil) 


* Rotavac,”” King’s Norton, Birmingham. 


Casehardening Compounds 
Amalgame Co., Ltd., Attercliffe Rd., Sheffield. 
Kasenit Lid... Henry St.. Bermondsey St.. London, S.E. 1. 


Castings (Iron) 
Foster, Joseph, and Sons, Ltd., Soho Foundry, Preston 
Wallwork, H., and Co., Ltd., Roger St., Manchester. 


Castings (Malleab!le) 
Clegg and Howgate, Ltd., Bingley, Yorkshire. 


Castings (Non-ferrous) 
Manganese Bronze and Brass Co., Ltd., Caxton House, Weat- 
minster, London, S.W, 1. 
Magnesium Castings and Products, Ltd., Buckingham Avenue, 
Slough. 


Mond Nickel Co., Ltd., Tham-s House. Millbank, London, 


Drawing Instruments 
A. G. Thornton, Ltd., King Street West, Manchester. 


Extruded Sections 
MeKechnie Bros., Ltd., Rotton Park St., Birmingham. 


Extruded Rods and Sections 
Manganese Bronze and Brass Co., Ltd., Caxton House, West- 
minster, London, 1. 
MeKechnie Bros., Ltd., Rotton Park St., Birmingham. 
Forging Machines 
Greenwood & Batley, Ltd., Albion Works, Leeds. 


Furnaces (Electric) 

Birmingham Electric Furnaces, Lid., Erdington, Birmingham, 

Electric Furnace Co., Ltd., 17, Vietoria St.. London, S.W. 1. 

Electric Resistance Furnace Co., Ltd., 17, Victoria St., London, 
8.W. 1. 

General Electrie Co., Ltd., Magaet House , Kingsway, London, 
W.C. 3. 

Kasonit Henry St., Bermondsey St.. London, S.E. 1, 

Wild-Barfield Electric Furnaces, Ltd., Eleefurn Works, North 
Road, London, N, 7. 


Furnaces (Gas) 
British Furnaces, Ltd. 
Davis Furnace Co., Ltd., Diamond Foundry, Luton. 
Dowson and Mason Gas Plant Co., Ltd., Levenshulme, Manchester. 
Gibbons Brothers, Ltd.,. Dudley, W oreestershire. 
Incandescent Heat Co., Cornwall Ru, Smethwick, Birmingham. 
Kasenit Henry St London, 
Priest Furnaces Ltd., Albert Road, Middlesbrough. 


Bermondsey St.. 


Gas 
British Commercial Gas Association, 28, Grosvenor Gardens, 
London, 8.W. 1. 


Gears 
Wallwork, Henry, and Co., Ltd., Red Bank, Manchester. 


Ingots (Non-Ferrous) 
Manganese Bronze and Brass Co., I.td., Caxton House, West- 
minsier, London. S.W, 1. 
MeKechnie Bros., Ltd., Rotton Park St., Birmingham. 
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Ladles 
Foster, Joseph, and Sons, Ltd., Soho Foundry, Preston. 


Machine Polishing 
Jackson, E. W., and Son, Ltd, Cheswold Works, Doncaster. 


Machine Tools 
Sanderson Brothers and Newbould Ltd., Sheffield. 


Magnetic Separators, Clutches, Chucks, and Lifting Magnets 
for all purposes. 
Electromagnets, Ltd., 2, Church Street, Birmingham. 


Monel Metal 
Mond Nickel Co, Ltd., Thames House, Millbank, London, S.W.1 


Non-Ferrous Alloys 
Clittord, Chas and Son, Ltd., Birmingham 
Manganese Bronze and Brass Co., Ltd., Caxton House, West 
minster, London, S.W. 1. 
MecKechnie Bros., Ltd., Rotton Park St., Birmingham. 
High Duty Alloys, Ltd., Trading Estate, Slough. 
1.C.1. Metals Ltd., Kynoch Works, Witton, Birmingham, 6. 


Protection of Metal Parts for Use at High Temperatures. 
Calorizing Corporation of Great Britain, Ltd., 32, Farringdon 
St., London, E.C, 4. 


Pulverised Fuel Equipment 
Alfred Herbert Ltd., Coventry. 


Pyrometers 
Cambridge Instrument Co, Ltd., 45, Grosvenor Place, S.W. 1. 


Recording Instruments 
Cambridge Instrument Co., Ltd., 45, Grosvenor Place, London, 
8.W. 1. 
Electroflo-Meters Co., Ltd., Abbey Road, Park Royal, London, 
N.W. 10. 
Lea-Recorder Co., Ltd., 2, Cornbrook Park Road, Manchester. 


Refined Pig-Iron 
Barrow Hematite Steel Co., Ltd., Barrow-in-Furness. 
Bradley and Foster, Ltd., Darlaston Blast Furnaces, Darlaston, 
Stafis. 


Refractories 
Carborundum Co., Ltd., Trafford Park, Manchester. 
Roll Grinding Machines 
Craven Bros. Ltd., Reddish, Stockport. 
Rolling Mills 
Fried. Krupp Grusonwerk A.-G. Magdeburg, Germany. Sole 
Agents in Great Britain : J. Rolland and Co., 2 Victoria Street, 
London, 8.W. 1. 
Robertson, W. H. A., and Co., Ltd., Sheffield. 
Silver Solder 
Chas. Harrold & Co, Ltd., 283, St. Paul’s Square, Birmingham. 
Slide Rules 
A. G. Thornton, Ltd. King Street West, Manchester. 
Steel Rod, Bars, etc. 
Mills, James, Exors. of, Bredbury, nr. Stockport. 
Steels 
English Steel Corporation Ltd., Sheffleld. 
United Steel Companies, Ltd., Sheffield. 
Hadfields Ltd., Hecla Works, Sheffield. 
Steels (Heat-resisting) 
Hadfields Ltd., Hecla Works, Sheffield. 
Steels (Non-corroding) 
Hadfields Ltd., Hecla Works, Sheffield. 
Steel Sections 
Barrow Hematite Steel Co., Ltd., Barrow-in-Furness. 
L.C.1. Metals Ltd., Kynoch Works, Witton, Birmingham, 6. 
Steelworks Plant 
Wellman Smith Owen Engineering Corporation, Ltd., Victoria 
Station House, London, 8.W. 1. 
Foster, Joseph, and Sons, Ltd., Soho Foundry, Preston. 
Strip Steel 
Habershon, J. J., and Sons, Ltd., Rotherlam. 
Sheet Steel 
Habershon, J. J., and Sons, Ltd., Rotherham. 
Temperature Controllers 
Cambridge Instrument Co. Ltd., 45, Grosvenor Place, S.W. 1. 
Electroflo-Meters Co. Ltd., Abbey Road, Park Royal, London. 
Testing Machines 
Howden, T. C., and Co., 517, Fleet Street, Birmingham. 
Trimming Machines 
Greenwood & Batley, Ltd., Albion Works, Leeds. 
Turbo-Compressors 
Richardsons, Westgarth, Brown Boveri, Ltd., Hartlepool. 
Vitreosil Combustion Tube 
Thermal Syndicate, Ltd., Wallsend-on-Tyne. 


Welding Machines 
Johnson Metal Co., Ltd., 76, Cross Street. Manchester. 
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17, GROSVENOR GARDENS. 


TOO 


COVER 


L 


THE 


MANUFACTURING 


WORLD 


\ 


The ABMTM group of machine-tool makers covers the whole 
field of machine-tool building, giving the engineer at home and 
abroad a unique manufacturing and sales service. 


Apart from the main specialities of the Associated firms, as given 
below, customers have the advantages of the pooled research. the 


accumulated exper 
whole group. 


The abundant advantages thus provided by group co-operation 


will be obvious. 
beyond the scope 


THE MAIN SPECIALITIES 


Drilling Machines. 
Lathes. 


Boring Machines and 
Boring Milis. 


Gear Cutting Machines. 
Grinding Machines. 


Turret & Capstan Lathes. 


Planers, Slotters, etc. 


Plano Millers 
Screwing Machines | 


Milling Machines. 


James Archdale & Co., Ltd. Bir- 


mingham. 

John Lang & Sons, Ltd., Johnstone, 
Glasgow. 

George Richards & Co., Ltd., Man- 
chester. 


J. Parkinson & Son, Shipley, Yorks. 


The Churchill Machine Tool Co., 
Ltd., Manchester. 

H. W. Ward & Co., Ltd., Birming- 
ham. 


The Butler Machine Tool Co., Ltd., 
Halifax. 


Kendall & Gent (1920), Ltd., Man- 
chester. 


J. Parkinson & Son, Shipley, Yorks. 
Jas. Archdale & Co., Ltd., Birming- 
ham. 


For further particulars write to: 


17, GROSVENOR GARDENS, 
LONDON 


S.W.1. 


LONDON, S.W.E. 


ience and the entire technical resources of the 


The after-sales service provided is of a kind 
of the single manufacturer. 


4 
21 
: 
_ 
7 
3 
> 
ee 
re 
IS 
> 
|, 


Aluminium Union, Ltd. 
Amalgams Company, Ltd. 
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Patent No. 414,756 


“ROTAVAC" 
Mech. & Mfg. 
Engineers, 


| 16, Factory Centre 
KING'S NORTON, 
BIRMINGHAM, 


Phone: KIN 1402. 


“ROTAVAC” 


THE MODERN BURNER FOR HEAVY FUEL OIL 


OIL FUEL INSTALLATIONS 
& INDUSTRIAL FURNACES 


The highly efficient atomisation of the 
“Rotavac” Oil Burner enables fuel 
Fressure at the jet to be entirely dispensed 
with when using fuels 
up to and including 200 
seconds viscosity, this in 
most cases facilitates a 
much simplified installa- 
tion. The burner may 
be installed to work by 
unit control for the above 
fuels, this is why our 


AUTOMATICALLY CONTROLLED 
INSTALLATIONS ARE THE 
CHEAPEST OBTAINABLE 
NO SPINNER OR MOVING PARTS TO 


WEAR OUT, 


HIGHEST QUALITY MATERIAL AND 
WORKMANSHIP, 


99 
| 
co 
“* “* | : 2 
- 
“ROTAVAC” OIL BURNERS 
| 
5 


